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RESULTS OF ADMINISTRATION OF ANTERIOR 
PITUITARY ADRENOCORTICOTROPIC HOR- 
MONE TO A NORMAL HUAI AN SUBJECT=*=t 

HAROLD L. MASON, PH.D., AIARSCHELLE H. POWER, 
PH.D., EDWARD H. RYNEARSON, AI.D., LETIZIA C. 
CIARaMELLI, M.D., CHOH HAO LI, PH.D., AND 
HERBERT AI. EVANS, M.D. 

From (he /Jirijn'ons of liiochemiMnj ami Medicine, ^[al|o Foundation and the Mayo 
Clinic, Rochceicr, Minnesota; and the Institute of Expcrwiental Biology, 
Vniirrsity of California, Berkeley, California 

S tudies on animals have shown that purified adrenocorticotropic 
hormone (ACTH) of the anterior lobe of the pituitary body is able 
to stimulate the adrenal cortex of the intact or hypophysectomized animal 
to increased function and produce results similar to those that have been 
produced by administration of crystalline adrenocortical hormones (2, 11, 
14, 16, 28, 39, 40, 41, 51, 52). The primary aim of this study was to deter- 
mine what changes might occur in the excretion of urinary steroids as the 
result of administration of ACTH to a normal human subject. Observations 
also were made on many other factors that are known to be influenced by 
actmty of the adrenal cortex. 

Received for publication October 10, 1947. 

* Abridgment of thesis submitted bj' Dr. Ciaramelli to the Facultj' of the Graduate 
School of the University of Minnesota in partial fulfillment of the requirements for the 
degree of M.S. in Medicine. 

t The anterior pituitar3^ adrenocorticotropic hormone used in this studj’ was produced 
bj'- two of the authors, Drs. Choh Hao Li and Herbert M. Evans, who were aided bj' a 
special grant from Weslej' W. West, of Houston, Texas, to the Institute of Experimental 
Biology, University of California. 
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It is well known that most patients with tnmors or hyperplasia of the 
adrenal cortex excrete abnormallj’- large amounts of 1 7-kctos(eroicls in the 
urine (9, 15, 36). Under conditions which presumaldj’^ stinmlatc the adrenal 
cortex to increased acti\dty, an increased excretion of material with chemi- 
cal and phj'-siologic properties similar to those of the 11-oxygcnatcd hor- 
mones of the cortex has been ol)served (6, 50). Relatively large amounts of 
pregnanediol have been found in the urine in cases in which hj^j^erfunction 
of the adrenal cortex has been associated with an absence of ovarian func- 
tion (33). Estrone has been isolated from extracts of the adrenal gland (1) 
and in a few instances, large amounts of esi-rogens have been found in the 
urine in cases of tumor of the adrenal cortex (19, 20, 33). These observations 
suggested that stimulation of the adrenal cortex with ACTH would result 
in an increase in the excretion of 17-ketosteroids and cortin-like mal erial 
and possibly in the excretion of increased amounts of estrogen and preg- 
nanediol. Determinations of the quantitative variations in these urinaiy 
steroids were made and, so far as it was possible to do so by isolation pro- 
cedures, the qualitative variations were studied. 

In Cushing’s sjmdrome, which is believed to result from h 3 '^perfunction 
of the adrenal cortex, the following changes in the blood have been ob- 
served : an increase in the concentration of sodium and bicarbonate in the 
plasma (54), a decrease in the concentration of potassium and chloride in 
the plasma, and polycythemia (12). The following changes have been 
observed after the administration of adrenocorticotropic hoi'inone to 
animals: an involution of lymphoid tissue, a decrease in the number of 
circulating lymphocytes (11, 14,41), a polymorphonuclear leukocjdosis, an 
increase in the /3-globulin and y-globulin fractions of the plasma proteins 
(53), an increased excretion of nitrogen (22, 24), and, under some circum- 
stances, a glycosuria (26). Many of these effects have been produced in 
animals by administration of crj’^stalline adrenocortical hormones (25) . 

An increase in the production of the 11-oxygenated hormones of the 
adrenal cortex might be expected to cause changes in carbohydrate metab- 
olism which would result in a decreased tolerance for glucose and an in- 
creased resistance to insulin (23). An increased production of compounds 
like desoxycorticosterone would be expected to cause a retention of sodium, 
chloride and bicarbonate and an increased excretion of potassium (45) . 

METHOD OF STUDY 

In order to avoid possible complications by testicular steroids, a woman 
was chosen as the subject for this study. The subject was a white, single 
woman who was thirty-two years of age and weighed 68 Kg. She was in 
good health; she had not had any serious illness and had not undergone an 
operation. Her menstrual periods were regular. She was maintained on a 
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('onstimt in 'i unit ^!(^‘■i^:nl•<i for nu'tnholir .'-tinlio-. SIu* wn? oh.'crved 
for lliirt y-lhrrt' dny.'' Itcforc tin* ndniituslnitit)!! of the liornionp \v;i> start (>(i. 

TIio adrcnofortircU topic liornuuic was aiiniini.''tcrc(l siihcuttincously in 
five ciiual do'-cs between a.ni. and 1 1 r.'fO p.in. The initial daily dose 
was 2‘t nip. Since .a <le(inife efifeet was not observed ditrinp the first si.v days, 
the tl.aily do'C w.as inen'.ased to oO mp. bir >i.\ d.ays and then, after an inter- 
val of live day.-, to 100 inp. This do.-e was adniinislered for 1 1.5 days. 

The hormone was jirep.ared by the procedure of Id, Evans and Simpson 
CiiO. It was di.-.-olved in a O.fl per eimt .-olution of sodium chloride. The 
fir.-t preparation, which contained 5 mp. of the hormone per milliliter, was 
sterilized by passape throuph a Herkefeld filter. Since there appeared to be 
some los- of protein on the filter, siib.-equcnt preparation.s were heated one 
hour in :i boilinp water bath. 'Phe concentration of the hormone was in- 
creased to It) nip. per milliliter. 'Fhe .solution of .\CTH was stored in the 
refriperator when not in use. 

The amount of 17-ketosteroids e.xcretcd in the urine was determined by 
the method of C'allow. C’allow and Emmens (10) and by application of the 
eorrection equation of Talbot. Berman and MacLachlan (43). The urinary 
steroids were isolated by the procedures dc.scribed by Mason and Kepler 
('13). '■J’he amount of cort in-like .sub.stances was determined in the following 
luanner. The urine was extracted and the extract was wa.shed according 
to the procedure of I'albot, Saltzman, Wixom and Wolfe (44). The crude 
extract was .separated into ketonic and nonketonic fractions with the aid of 
CSirard's reagent T. The amount of a-kctol in the ketonic fraction was 
determined essentially by the method de.scribed by Lowenstein, Corcoran 
and Page (31). 

The value for the pregnanediol excreted in the urine was determined by 
the method of '\'enning (49), the value for estrogen* was determined b}' 
the procedure of Smith and Smith (42) and the value for the gonadotropin 
was determined b}' the method of Frank (21). 

The glucose tolerance test was performed in the following manner. 
After a specimen of blood had been removed for determination of the value 
for the blood sugar, 0.1 Gm. of n-glucose per Kg. of bod}" weight was ad- 
ministered intravenously, in the form of a 20 per cent solution, over a 
period of thirty minutes. Subsequent determinations of the concentration 
of blood sugar were made at intervals of thirt}", sixty, ninet}", a hundred 
and tiventy, a hundred and fifty, and a hundred and eighty minutes after 
completion of the injection. 

The following technic was used in performing the insulin tolerance test. 

e are indebted to Dr, Ale.xander Albert for the assays of urinar3' estrogen and 

Bonadotropin. 
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After a specimen of blood had been removed for determination of the value 
for the blood sugar, 0.1 unit of regular insulin per Kg. of body weight was 
injected intravenou.sly. The concentration of the blood sugar was deter- 
mined at intervals of twenty, thirty, forty-five, sixty, ninety and a hundred 
and twenty minutes after the injection. 

The values for the electroljdes, creatine, creatinine and total nitrogen in 
the blood and urine were determined by standard methods. The carbon 
dioxide content of plasma collected under oil was determined by the 
method of Van Slyke and Neill (48). The values for the plasma cholesterol 
and cholesterol esters were determined bj’- the methods of Bloor (3), and 
Bloor and Knudson (4), respectivel 3 ^ The value for the ascorbic acid was 
determined by the method of Pijoan and Klemperer (37). The value for the 
serum protein and the albumin-globulin ratio were determined by Kings- 
ley’s (27) method. The value for the blood urea was determined by Mar- 
shall’s method as modified b}'- Van Sl 3 '^ke and Cullen (47). The value for the 
blood sugar was determined b 3 ’^ the method of Folin and Wu (18) ; that for 
the serum alkaline phosphatase was determined b 3 ’- Bodansk 3 ’-’s (5) method 
and that for the serum uric acid was determined b 3 ’' Folin’s method (17). 

RESULTS AND COMMENT 

The injections of ACTH caused a local reaction which consisted of red- 
ness, burning and itching followed by soreness. After a few days the red- 
ness was replaced by a brownish discoloration which persisted for a month 
or two. When the daily dose of the hormone was increased to 100 mg., the 
subject became pale, listless and apathetic, and complained of generalized 
malaise, and of vague aches and pains which resembled those which occur 
during the onset of influenza. These symptoms disappeared after three days. 
About this time, a mild pitting edema occurred in the ankles and in the 
pretibial region, the weight increased to 69.5 Kg. and severe acne appeared 
on the face. After administration of the hormone was discontinued, the 
extra weight was lost rapidly and the edema and acne began to disappear. 
The acne, however, disappeared very slowly and Avas still evident one 
month later. 

The hormone had a most striking effect on the urinary excretion of 17- 
ketosteroids and cortin-like material (Table 1). For isolation of steroids, 
urine was collected for thirty-nine days before the subject was placed 
under the controlled conditions of the metabolic unit. Five determinations 
of the 17-ketosteroids were made during this period. The results of these 
determinations are included in the average values for the control period. 
During the control period, seven twenty-four hour specimens Avere used for 
determining the A'-alue for the 17-ketosteroids. 

In the first two periods during Avhich ACTH Avas administered there 
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Tahi.k 1. Ekfkct or Suhcltan'kous Admixistration of AnnKNOConTicornonc 
Hormosk on trk Urinary Exfrktion of 17-Kirro.sTKROiDs 
and CoRTIN-LiKK SunsTANCKS 


1 

Period of Study 

ACTH, mg. i 
.administered i 
Per Day j 
! 

17-Ketostcroids,| 
mg. Excreted \ 
Per Day 

Cortin-like 
Substances, 
mg. Excreted 

Per Day 

Thirty-three d.ny.«* | 

None 1 

4. .84 

O.ISO 

(control period) | 

t 

1 

(3.0-G.2)t 

(0.174-0. lS6)t 

.Six dav.« 

I 

2.0 i 

.5.02 

1 0,255 


! 

i 

J 

(4.9-G.G)f 

! (0.229-0. 274) t 

.Six dav.s 

j 

i 

50 j 

5. 95 j 

0.3S7 


1 

i 

1 

1 

(4.0-7..3)t I 

(0.282-0. 4.50) t 

Five d.av.« 


None i 

G.G 

0.243 



! i 

(4.S-S..5)t 

(0.2.32-0. 2.52) t 


1st day 

1 100 1 

10.5 

1 0.55G 


2nd day 

100 ' 

10.7 

j 0.577 


4th day 

100 i 


; 0.952 

Twelve days 

Gth day 

100 ! 

13.2 

1 .090 

1 

7th day 

100 j 

12.4 

' 1.050 


8th day 

100 i 

15,5 

1.440 


10th day 

100 

15.5 

1.020 


12th day 

50t j 

11 .G 

0.797 


1st day 

None i 

5.3 


Six days 

2nd day 

None j 

4.S 

0.166 


3rd day 

None 

3.2 



Gth day 

None 

4.0 

0.199 


* The excretion of 1 7-ketosteroids was determined for an additional period of thirt}*- 
nine days. 

t Range of values, 

t Amount administered during first half of da}'. 

appeared to be a .small increa.se in the average value of the 17-keto.steroids 
but the change was too small to be .significant particularly when the values 
were compared with those obtained in the five day interval between the 
periods during which 50 mg. and 100 mg.of the hormonewere administered. 
Admim.stration of 100 mg.of ACTH was nece.ssary to produce an unequiv- 
ocal increase in the output of the 17-ketosteroids. The peak value of 15.5 
mg. was more than three times the average control value. 

Ihe excretion of cortin-like substances increased significantly' even dur- 
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ing the period when the smallest amount of the hormone was administered. 
The amount of cortiii-like substances finally reached a peak of 1.44 mg., 
which was eight times the average control value. The immediate decrease 
which occurred in the excretion of 17-ketosteroids and cortin-like substanc- 
es when administration of the hormone was discontinued is noteworthy. 
Even the decrease in the amount of hormone to 50 mg. on the twelfth day 
of the last period of administration of the hormone resulted in a correspond- 
ing decrease in the excretion of these steroids. 

Pregnanediol was not present in the urine in determinable amounts 


Tabi.e 2. Urinary Excretion of Steroids Before and During the 
Adsiinistration of Adrenocorticotroi'ic Hormone 


1 

Steroids 

Isolated 

Amount Excreted 

During Control Period 
of 72 Days 

During First 30 D.ays 

After Administration of 
Hormone Was Staited 

Total 

Weight, 

mg. 

Mg. 

Excreted 

Per D.ny 

Total 

Weight, 

nig. 

1 

Mg. 

Excreted 

Per Day 

Androsterone 

19.5 

0.27 

32.0 

1.06 

Etiocholanolone 

7.0 

0.10 

32.0 

' l.OG 

Pregnanediol 

34.0 

0.47 

14.0 

0.46 

Cholesterol 

41.0 

0.57 

7.0 

0.23 


during the first part of the menstrual cycle in either the control period or 
the period when 100 mg. of ACTH was administered. In the latter part of 
the cj^cle, a maximum of 7 mg. was found during both periods. Evidentl}”^ 
the adrenal cortex was not stimulated to produce a sufficient amount of 
progesterone or other precursors of pregnanediol to permit detection of the 
latter substance in the urine Avhen the ovarian production of progesterone 
was nil. 

The excretion of estrogen and gonadotropin remained within the normal 
range throughout the study. 

Isolation of the urinary steroids gave the results summarized in Table 2. 
It will be noted that the amounts of androsterone and etiocholanolone 
that could be isolated, calculated as milligrams per day, increased approxi- 
matelj'^ four and ten times, respectively, Avhereas the amount of pregnane- 
diol remained unchanged. The significance of the presence of cholesterol 
in the urine is obscure. The decreased amount that could be isolated during 
the period udien ACTH was administered may possibly be correlated with 
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(ho (looroasod oonoonlration of choloslcrol in tlio plasma. A careful .search 
was made for 1 1-hydroxyandrost crone. This substance has been obtained 
in relatively large amounts from the urine of patients with hyperfunction- 
ing lesions of the adrenal cortex (33, 35) and (he appearance of this sub- 
stance in the urine or an increase in (he amount previously present would 
have been considered additional evidence of an increased production of 
1 1-oxygenatcd steroids by (he adrenal cortex under the stimulus of 
.AC'PH. It could not be found either before or after administration of the 
hormone. Likewise, dehydroisoandrost crone could not be found in either 
period. Digitonin failed to give a precipitate with (he ketonic fractions of 
the extracts and also with the eluates of the chromatographic column 
which preceded the eluates containing androsterone. Dehydroisoandros- 
terone is eluted just before androsterone and sometimes several fractions 
are mixtures of the two substances. Dehydroisoandrosterone is con.sidered 
to be a product of the adrenal cortex since it often appears in the urine 
in large amounts in cases of adrenocortical tumor (33). However, it is 
readily converted to androsterone and etiocholanolone (32, 34). If an 
increased production of this substance occurred as the result of .stimulation 
of the cortex by ACTH, it was not sufficient to permit it to appear in the 
urine in detectable amounts. 

Thus, as far as could be determined bj' means of isolation, the qualita- 
tive pattern of the urinary steroids remained unchanged during adminis- 
tration of ACTH. The change in the quantitative relation between an- 
drosterone and etiocholanolone is interesting. It is generally considered 
that normally these tw'o substances are excreted in approximatelj^ equal 
amounts (7, 8, 13). In this case, however, equal amounts were isolated only 
during the period when ACTH was administered. It may be that this re.sult 
was due to some unrecognized discrepancj-- in the procedures of hj^droly.sis, 
extraction and isolation. 

The increased excretion of urinary 17-ketosteroids and cortin-like .sub- 
stances under the influence of ACTH followed by the abrupt return of the 
excretion to control levels when administration of the hormone was di.s- 
continued is considered to be unequivocal e\adence that the adrenal cor- 
tices of this normal human .subject were stimulated to a .state of hj^per- 
f unction by the ACTH. 

The chemical composition of the blood was changed very little during 
administration of 100 mg. of ACTH. There was no significant change in the 
concentration of sodium, potassium, chloride, phosphorus and nonprotein 
nitrogen. The carbon dioxide content of the pla.sma increased from 26.2 
to 29.6 milliequivalents per liter as shown in Fig. 1. Although this change 
is not great it is believed to be .significant since the greatest change occurred 
when the subject received 100 mg. of ACTH and since the carbon dioxide 
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content of the plasma decreased again after administration of the hormone 
was discontinued. 

The concentration of plasma proteins, the albumin-globulin ratio, and 
the electrophoretic pattern of the proteins remained essentially unchanged. 
The value for the serum alkaline phosphatase remained within normal 
limits in contrast with the decrease which Li, Kalman, Evans and Simp- 
son (30) found in young rats treated with ACTH. The vitamin C content 
of the plasma varied between 1.2 and 1,5 mg, per 100 ml. during tlie peri- 
ods of control and of administration of ACTH, The value for the uric acid 
of the serum also was not affected by administration of ACTH. 


I 



Nov. Deer. 

Pi«. 3. Effect of ACTH on the mvhon dio-xide content of plasma. 


The concentration of plasma cholesterol appeared to be affected b}^ 
ACTH as shown in Table 3. It Avill be observed that the decrease occurred 
largely in the free cholesterol and that the values returned to the control 
level within six days after administration of the hormone was discontinued 
(last dose administered on December 13). An attracth^e suggestion is that 
the increased production of adrenal steroids resulted in withdrawal of 
cholesterol from the plasma for this purpose. This suggestion, of course, 
arises from the observation that stimulation of the adrenal cortex of ani- 
mals with ACTH results in a prompt decrease in its content of cholesterol 
(38). Presumably, the supply is replenished from the plasma. 
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Dougherly and White (14) found that ACTH produced a Ij-mphopenia 
and a polymorphonuclear leukocytosis in rats. Thorn, Prunty and For- 
sham (46) have recent!}’ reported similar observations in a man with mild 
pituitary insufhciency who was treated with ACTH. Such an effect was not 
obtained with our normal subject until she had received the hormone for 
twenty-two days. Even then, this effect was not observed until after the 
second dose of the day had been administered and the effect lasted less than 
three hours. In view of the previous lack of effect, it seems questionable 
that this single result can be attributed to the action of ACTH, 


T.\ni.K 3. Effect of Suhcutaneou.s Admini.^iiatios of Adrexocorticotropic 
Hormone on the Concentration of Plasma Cholesterol 


Date. 194G 

ACTH, mg. 
Administered 

Per Day 

Cholc.=terol, mg. Per 

1 100 cc. of Plasma 

Total 

Cholesterol 

1 

Cholesterol 

Esters 

Oct. 30 

None 

247 

127 

Nov. 1.5 

None 

240 


Nov. IG 

2.5 ^ 

247 

142 

Nov. 22 

50 

190 

147 

Dec. 2 

None 

217 

133 

Dec. 9 

100 ' 

197 

130 

Dec. 13 

100 

217 

139 

Dec. 19 

None 

247 

141 


An anemia developed rapidly during the period when the daily dose of 
ACTH was 100 mg. The value for the hemoglobin fell from 11.5 Gm. to 
8.55 Gm. per 100 ml. and the cell volume per cent feU from 37 to 30. The 
erythrocyte count remained quite constant. These results again are in 
disagreement with those of WTiite and Dougherty (52) who observed an 
elevation of the erythrocjde count and of the concentration of hemoglobin 
after prolonged administration of ACTH to rats. These re.sults also are 
contrary to those expected from observations of patients with hj’perfunc- 
tioning lesions of the adrenal cortex. 

The urinary excretion of sodium, potassium and chloride was not 
affected by administration of ACTH. There was possibly an increased 
excretion of nitrogen during the last seven days of the period when 100 
mg. of the hormone was administered. During this time the average dail}’ 
excretion of nitrogen was 10.85 Gm. (10.1 to 11.5 Gm.) but on three days 
of the control period the average amount of nitrogen excreted daily was 
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10.61 Gm. (10.17 to 10.87 Gm.). Consequently, it is not certain that the 
increased excretion of nitrogen was caused by t.lie ACTIT although the 
over-all average daily excretion during the control period was 9.23 Gm. 

The excretion of creatinine nitrogen remained quite constant throughout 
the period of stud 3 ^ The values for t.he urinary creatine nitrogen, however, 
fluctuated widel}^ During the control period, bet ween 48 and 201 jng. of 
creatine nitrogen were excreted per day. During the latter ten days of the 
period when 100 mg. of ACTH was administered, the range of values was 
13 to /7 mg. and the average value was 43 mg. During five da 5 ^s immedi- 



Fig. 2. Blood sugar — time curves after a standard dose of insulin. 

ately after administration of the hormone was discontinued, the '\mlues 
ranged from 49 to 96 mg. and the average value was 71 mg. It appears that 
there was a definite decrease in the excretion of creatine nitrogen during 
administration of 100 mg. of ACTH. The appearance of acne during this 
period suggests that an extra amount of adrenal androgens was produced. 
Perhaps there was sufficient androgenic effect to influence the excretion of 
creatine. 

The measurable effect of the hormone on carbohydrate metabolism was 
not marked. The glucose tolerance test did not reveal an}^ decreased toler- 
ance but the results of the insulin tolerance test suggested an increased 
resistance to insulin as the result of administration of the hormone. The 
blood sugar curves after injection of insulin are shown in Fig. 2. 
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SUMMARY 

AYlicn 100 mg. of the anterior hypophyseal atlrcnocorticotropic hormone 
was administered daily, in divided doses, to a normal young woman it 
caused an increased excretion of urinary steroids, which is evidence of 
stimulation of adrenocortical function. The dail}' excretion of 17-ketos- 
teroids increased from 4.S4 to 1.5..5 mg. and that of the cortin-like sub- 
stances increased from O.ISO to 1.44 mg. Development of acne and a 
decrea.«e in the excretion of creatine .suggested that the production of 
androgens was increased. The excretion of pregnanediol, estrogens and 
gonadotropin was not affected mea.surably. Androsterone and etiocholano- 
lone were isolated from the urine in increased amounts during the period 
when ACTH was being administered. The amount of pregnanediol that 
could be isolated was unchanged by administration of the hormone. The 
amount of cholesterol that was isolated from the urine was decreased dur- 
ing the period of administration of the hormone. 

Electroljde metabolism appeared to be essentially undisturbed by the 
hormone as judged by the concentration of sodium, potassium, chloride 
and phosphorus in the blood and urine. There was a small but apparently 
significant increase in the carbon dioxide content of the plasma. 

The value for the urinarj’^ nitrogen increased but the increase was so 
small that it could not be attributed with certainty to administration of the 
hormone. 

The value for the free cholesterol of the plasma decreased significantly. 
There was no change in the quantity of the blood proteins or in their 
quality as determined by electrophoresis. The value for the serum alkaline 
phosphatase remained unchanged. Anemia developed but the er 3 'throcji;e 
and leukocyte counts were not affected significantly. 

Tolerance to glucose was not affected measurably but some resistance to 
insulin developed. 
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INTRODUCTION 

111 1924 Evans (25) reported that the injection of anterior pituitary 
extract ^Yas followed by adrenal hypertrophy. Smith (61, 62) in 1926 
demonstrated that hypophysectomy induced atrophy of the adrenal cortex 
and that implantation of living hypophy.seal tissue was followed by restor- 
ation of the gland to normal. These classical experiments established with- 
out doubt the specific tropic influence of the anterior pituitary on adrenal 
cortical function. 

Isolation of the adrenocorticotropic principle from anterior pituitary 
gland extract was reported by Collip in 1933 (15). In 1940 a somewhat 
simpler mode of preparation was described by Bates el al. (8). Further 
purification of the adrenocorticotropic hoi’mone was accomplished by 
Evans and his group in California and Long and Sayers and their col- 
laborators in New Haven. The former group worked with sheep pituitar- 
ies; whereas the latter used hog pituitaries. In 1943 Li el al. (41), emplojdng 
a salt fractionation method, and Sayers el al. (56), using isoelectric precipi- 
tation, published detailed accounts of their methods of preparing pure 
adrenocorticotropin. Although this particular hormone was derived from 
pituitaries of different species and prepared by different methods in the 
two laboratories, the preparations appeared to be identical b}’- the criteria 
employed. 

Purified anterior pituitary adrenocorticotropin proved to be a protein 
molecule with a single peak in the electrophoretic pattern, an isoelectric 
point at pH 4.7, and a molecular %veight of approximately 20,000. That the 
acti\’ity of the preparation might reside in a smaller unit is suggested by 
the studies of Li el al. (40, 41), Tyslowitz (75), and Crooke el al. (18). 

The preparation of small quantities of purified pituitary adrenocortico- 
tropic hormone (ACTH) with a high degree of potency pei’mitted more 
precise physiological studies in animals. Experiments indicated that the 
injection of ACTH led to increased secretory activity of the adrenal corti- 
cal cells and eventually to their hypertrophy (60). The effects which were 
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observed to follow the injection of ACTH npjjoarcd lo be due to the elab- 
oration of the adrenal cortical sl.croids rather than to a specific effect of 
ACTH itself. 

The minute quantities of purified ACTH available prior lo 1040 pre- 
cluded clinical trial with the exception of a single experiment carried out by 
Browne et al. in 1943 (11) in which purified ACTH was administered to two 
male patients. In one subject these authors observed an increased urinary 
excretion of “cortin-like” .substances without a .significanl’ change in the 
output of 17-ketosteroids. In a .second patient an increase in the height of 
the glucose tolerance curve and glycosuria followed ACTH administration. 
From these preliminary experiments it appeared that the principal action 
of ACTH on the human adrenal was the stimulation of 1 l-ox 5 ^st.eroid 
secretion (the so-called carbohydrate-regulating factors). 

From what is known of adrenal cortical function in man, however, one 
might anticipate that with a gland capable of responding to ACTH ther- 
apy it would be possible to demonstrate the several actions of the three 
types of adrenal steroids, viz., 

1. The sodium and cliloride-retaining effect of dc.soxycorticosterone-like steroids 
(67) 

2. The gluconeogenetic (44) and Ijanpholvtic (21) acti\dty of the 11 and 11-17- 
oxysteroids 

3. The nitrogen-retaining effect of androgenic adrenal steroids (1) 

Recently the Armour Laboratories have prepared a quantity of purified 
ACTH adequate for clinical trial.^ With this material we have attempted 
to answer the following questions: 

1. What are the over-all metabolic and hematologic effects of ACTH administration 
in man? 

2. Is there a readily measured response to ACTH which might provide a satisfactory 
clinical evaluation of adrenal cortical reserve? 

MATERIALS 

The pituitary adrenocorticotropic hormone (ACTH) used in these stud- 
ies was prepared by the Armour Laboratories from hog pituitary glands 
by a modification of the method of Sayers et al. (56), using isoelectric pre- 
cipitation in the cold following an acid acetone exti’action. Four different 
batches of hormone (ACTH) were placed at our disposal during the course 
of these studies. Batch 13-10, after preliminary experiments, was returned 
for further purification because of an unduly high content of posterior pi- 
tuitary factor which seriously restricted the quantity of material which 
could be administered without inducing undesirable side effects. Batches 

1 The authors are indebted to Dr. John R. Mote, The Armour Laboratories, Chicago, 
Illinois, for the purified ACTH used in these studies. 
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21-B and .13-10-6 were used extensively; a few patients received material 
from Bateh 32-D. The characterization of the several batches is summa- 
rized in Table 1 from data provided through the courtesy of Doctors 
Munson, Koch, and Thompson and their st affs of the /Armour Laboratories. 

Although the method of preparing the ACTH effectively excluded ap- 
preciable contamination with certain anterior pituitarj' hormones, i.e. thy- 
rotropic, gonadotropic, and growth hormones, the material used in these 
studies could not be considered to be pure adrenocorticotropin. None of 
the preparations employed .showed a single electrophoretic peak. The po- 


Taulk 1. Propkrtiks ofthk ACTH Prki’aratioxs Emri oyed 


Batch 

ACTH 
Aclmiy 
Per Cent 
of Armour 
Standard 
Prepara-' 
tion* 

Pressor 

Activilij 

Roo.ster 

B.P. 

Method 

Units/ing. 

Oxytocic 
Activity 
Guinea Pig 
Uterine Strip 
^lethod 
Units/mg. 

Prolactin 
Activity 
Pigeon 
Crop Sac 
Method 
Units/mg. 

1 

Solubility 

21-B 

102 ±S 

0.1-0. 2. 

i 

0.12-0.004 

0.5 

Soluble in alkaline sa- 
line pH S 

13-10-G 

S3 +9 

0 .07 or 
le.ss 

0.05 or le.«s 

0.25 or 
less 

Soluble in saline 

32-D 

71 ±9 

0.10 

0 .05 

1 .S±15 

Soluble in acid saline 
pH 2-3 

13-10 

83+5 

0.7 

0.6 


Soluble in saline 


* 0.4 gamma of the reference standard (Armour La-l-A) administered intravenousb* 
to hypophysectomized rats induces a 20 to 30 per cent decrease in adrenal ascorbic acid 
content by the method of Sayers and Sayers (55). • 


tency of the batches as measured by the decrease in ascorbic acid content 
of the rat adrenal (method of Sayers (55)) is summarized in Table 1. In 
addition, batches 13-10-6 and 21-B were administered to male and female 
bypophysectomized rats. Adrenal hj^jertrophy occurred in both groups of 
animals and was associated mth a decrease in testicular weight in the 
males and no significant change in weight of the ovaries, thyroid, or uterus 
in the females. These data suggest that the batches used almost exclusively 
in these chnical studies were not appreciably contaminated with thyro- 
tropic or gonadotropic activity. The low lactogenic acthdty of the ACTH 
IS indicated in Table 1. The oxytocic and pressor acthdty varied consider- 
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ably from batch to batch (Table 1), Unfortunately, comparable assays of 
the antidiuretic effect were not made. 

Preparation for Clinical Use 

Sterilization by nltrafiltration was not attempted, since this procedure 
results in a loss of biologic activity. Therefore the material was handled 
with aseptic care throughout, dissolved in sterile saline, and adjusted to an 
appropriate pH. Since appreciable loss of activity occun-cd within twenty- 
four hours with the material in solution, afresh solution was made vp daily, 
and the solution loas never allowed to remain at room, temperature for more 
than one hour. ACTH powder and the frozen solution appeared to retain 
activitj'- for months. 

Administration 

The ACTH was administered intramuscularlj’- as a solution containing 
from 5 to 10 mg. per cc. in saline. The pH varied with the several prepa- 
rations (Table 1). Apart from soreness, no local untoward reactions were 
observed in over two hundred and fifty injections. Depending upon the 
content of posterior pituitary factors, there was a variable degree of transi- 
tory pallor, bradycardia, intestinal and uterine cramps. These symptoms 
were negligible in the preparations with low oxytocic acti\aty. 

Steroid Preparations Used for Intramuscular Injection 

Desoxycorticosterone Glucoside;^ This preparation contained 10 mg. 
of crystalline hormone in aqueous solution as supplied by the manufacturer 
It was used in doses up to 30 mg. 

Dehydrocorticosterone Hemisuccinate, Compound A:® This l 3 mphilized 
crystalline material which was freely soluble in saline solution was admin- 
istered in doses of from 25 to 50 mg. intramuscularl 3 ^ 

17-Hydroxy corticosterone, Compound F:^ This ciystalline material was 
dissolved in Avarm absolute alcohol (20 mg. per cc.) AAdiich Avas added to 4 
cc. of 1 per cent acid procaine just prior to intramuscular injection in doses 
of 20 mg. 

Testosterone-Diethyl-Amino-Ethyl-Carbonate-Hydrochloride This 
crystalline material, AA^hich is freel3'' soluble in saliiie up to 10 mg. per cc., 
AA^as used in quantities up to 35 mg. 

* The authors are indebted to Dr. Ernst Oppenheimer, Ciba Pharmaceutical Products, 
Inc., Summit, New' Jersey, for the material used in these studies. 

* The authors are indebted to Dr. Augustus Gibson, Merck & Co., Inc., Ralnvay, Ncav 
Jersey, for the material used in these studies. 

■* Tlie authors are indebted to Dr. M.H.Kuizenga, The Upjohn Company, Kalamazoo, 
Michigan, for the material used in these studies. 
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METHODS 

All patients and subjects were maintained in the Metabolic Unit of the 
Peter Bent Brigham Hospital throughout the period of stud}'. In the case 
of balance experiments, the patients and normal subjects were maintained 
on a constant diet. AYith the short-term experiments, patients were studied 
in the postprandial state, the last food being given at S:00 p.m. on the day 
previous to the ACTH test. 

Urine .‘specimens were collected at appropriate intervals, and aliquots 
were stored after acidification and addition of a few drops of chloroform 
thymol preservative. When the excretion of 17-ketosteroids (12, 64) and 
11-oxysteroids (66) was followed, the entire volume was saved. Particular 
caie was taken to acidify the urine with .50 per cent .sulfuric acid, and these 
specimens were frozen whenever immediate analysis was not possible and 
especially when uric acid and ll-oxj'steroids were determined. 

Stool specimens were collected in three-day periods and homogenized 
in a Waring blender, and aliquots were used for analysis. 

Hematologic studies were made on venous blood specimens drawn with 
minimal stasis after a twelve-hour fast with the patient in basal condition. 
The blood was preserved in balanced oxalate^ and stored in the icebox if 
analysis was dela 3 ’ed. Hematocrit (packed red cell volume) was estimated 
by the method of Wintrobe (78). MTiite blood count and differentiation of 
cells were carried out bj' routine methods. Circulating eosinophil counts 
were performed by a modification of the direct method of Hunger (24), i.e. 

Oxalated blood was drawn into a white count pipette to the 0.5 mark after which a 
special fluid' was used to complete the dilution to the 11 mark. The pipette was shaken 
at once for thirtj- seconds only ; the counting chamber was filled immediately, and after 
waiting three minutes the eosinophils were counted. These cells may be identified by 
their deeply stained red granules. A special Le^w chamber (0.2 mm. in depth) was used, 
and the average of four chamber counts was computed. The chamber count di^nded by 
sixteen and multiplied by' one hundred ynelds the number of circulating eosinophils per 
cubic millimeter. 

The following chemical methods were used in this studj’^: Sodium in 
serum, urine, and diet aliquots was determined bj' the method of Con- 

' Balanced oxalate solution: Potassium oxalate 0.8 Gm. 

Ammonium oxalate 1.2 Gm. 

Aqua de.stillata q.s. ad 100.0 cc. 

Five-tenths cc. of the solution is placed in a suitable container and evaporated. This 
amount of oxalate will prevent the coagulation of 5 cc. of blood. 

' Eosin aqueous, 2 per cent 5 cc. 

Acetone 5 cc. 

Aqua destillata q.s. ad 90 cc. 

The diluting fluid should be stored in an icebox, filtered before use, and prepared fresh 
every' two weeks. 
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solazio and Dill (16), and urine potassium by the method of Consolazio 
and Talbott (17). In the case of patient J. W., however, all analyses of 
sodium and potassium were carried out on a flame photometer with an 
internal lithium standard, as were the urinary potassium determinations'^ 
in subject R.P. (10). Serum and urine chloride was measured by the mer- 
curometric titration method of Schales (57) with the precautions recom- 
mended by Asper (5). The open Carius method was used for diet and stool 
specimens (52). Inorganic phosphorus in serum and urine was determined 
by the colorimetric method of Fiske and Subbarow (26), diet specimens 
being analyzed by the method of Allen (2). Urinarj'- calcium was measured 
by the method of Clark and Collip (13). Serum carbon dioxide combining 
power was determined by the Van Slyke manometric technique (50). Total 
nitrogen in urine and total serum protein Avere measured by the micro- 
kjeldahl distillation method of Keys (37) ; total nitrogen in diet and stool 
specimens by a modified macrokjeldahl procedure suggested by Van Slyke 
(76) ; albumin and globulin by the method of HoAve (34) ; blood nonprotein 
nitrogen by a modification of the method of Daly (19) ; blood urea nitrogen 
by the method of Archibald (4) ; and urine urea nitrogen by the hypobro- 
mite method of Van Slyke (51). Cholesterol, free and total, Avas analyzed 
by the modification of the method of Schoenheimer and Sperry (58), and 
blood sugars by the method of Folin and Wu (28), using Somogyi’s zinc 
precipitation (63). Urinary creatine Avas determined bj'- the method of 
Lambert (38), and urinary creatinine by the method of Folin (29). The 
method used for urinary and serum uric acid® in this study is presented in 
detail : 

Preparation of Reagents 

Stock standard uric acid solution containing 1 mg. per cc.: Prepared according to the 
method of Folin (27). From this a daily "working standard” is made up by diluting 1 cc. 
up to 200 cc. Avith distilled water. 

Two per cent polyanethol sodium sulfonate {Liguoid, Hoffman-La Roche): One Gm. is 
dissolved in 50 cc. of distilled water and stored in the icebox. 

Silicate glycerine reagent: Mix 130 cc. of Merck’s Avaterglass Avith approximately 250 
cc. of distilled water and add 85 cc. of reagent grade glycerol. Shake and make up to 500 
cc. Avith Avater. If cloudy, filter through hard filter paper. Store in a pyrex container. 

Uric acid reagent: Fifty Gm. of reagent grade sodium tungstate (free of chloride and 
neutral to phenolphthalein) is refluxed gently for at least four hours Avith 400 cc. of 
distilled Avater and 40 cc. of syrupy orthophosphoric acid, cooled, and made up to 500 cc. 
AAotli Avater. 


■ The authors are indebted to Dr. William M. Wallace for carrying out the^ flame 
photometer analyses. 

® The authors are indebted to Dr. Reginald M. Archibald for the details of his modi- 
fication of the Kern and Stransky (36) uric acid method. 
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Special reagent: This is iiiadc up ahnut every (wo weeks hy inixirip five parts of 2 per 
cent Liquoid, four parts of uric acid reapent, and nine parts of distilled water. 

Sodiinn InjitroTide: Two i)cr cent (0..a N.) 

Procedure 

Preparalorii: Plaetna or scrum (to lie kept frozen if iinincdiatc analysis is not possible), 
1 cc. is placed in a 2a cc. Erlennicycr flask. Eiplit cc. of water and 0.4 cc. of 2 per cent 
sodium hydroxide arc added, and tlie contents arc nii.vcd by rotation. Then 0.0 cc. of uric 
acid reagent is added slowly while the flask is shaken constantly. Contents of the flask 
arc filtered through Whatman Xo. 42 filter paper after standing for five minutes. Urine 
(to be kept frozen if immediate analy.^is is not possible), 1 cc. is diluted to 100 or 200 cc. 
■with distilled water, the higher dilution being preferable until specific gravities above 
1.020. The material should be processed within one half hour since it is unstable at 
room temperature. 

Colorimetric: Five cc. of filtrate or diluted urine is put into a Klett colorimeter tube; 
5 cc. of water for the blank and 5 cc. of working .standard for the standard are set up 
similarly. To each tube 2.5 cc. of silicate glycerine reagent is added, and the contents are 
mixed by shaking. This is followed by 2 cc. of special reagent and quick mixing. After 
standing the tubes for fifteen minutes at room temperature, they are read with a GCOred 
filter until the blank set to zero on the Klett Suinmerson photoelectric colorimeter. (Any 
other apparatus can be adapted to this method.) 

Calculation: Plasma or serum uric acid, mg. per cent equals unknown ^ , 

reading standard 


Urine uric acid, mg. per cent equals 


reading unknown 
reading standard 


XlOO, using a 1:200 dilution. 


Specificity: In eight urines an average of 94 per cent of the color was found to be 
destroyed by uricase at pH 9.2 in phosphate buffer under oxygen. 


OBSERVATIONS 

EFFECT OF A SIRGLE INTRAMUSCULAR INJECTION OF ACTH 

General Effects 

On the basis of preliminary experiments (70, 73) a dose of 25 mg. of 
ACTH -was selected as protdding a near-maximum response. This amount 
of hormone was well tolerated by most patients. Immediate blanching of 
the .skin occurred with bradycardia, mild abdominal cramps, and uterine 
cramps in females. These effects usually wore off completely in fort 3 '’-five 
minutes and were noted in patients with Addison’s disease as well as in 
normal subjects. It appeared that these reactions were due to the posterior 
pituitary contaminants, since clinical s 3 Tnptoms paralleled the ox 3 d:ocic 
pressor assay of the several preparations used. As far as could be detected 
there was no S3Tnptomatic change in patients or in normal subjects at the 
height of the ACTH response three to five hours after the injection. Three 
female patients who had not menstruated prex’iousl 3 '^ for at least one 3 ^ear 
noted menstrual flow six to ten da 3 ^s after the injection of a single dose of 
25 mg. of ACTH. One of these patients had Addison’s disease. 
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Hematologic Changes 

As previoiisl}^ reported by Hills cl ah (33), the ijijootion of 25 mg. of 
ACTH in patients with intact adrenals is followed by a fall in circulating 

CHANGES IN CIRCULATING LEUKOCYTES IN NON-ADOISONIANS 
FOLLOWING 25 MGM. ACTH 

EOSINOPHILS LYMPHOCYTES ’ NEUTROPHILS 

250 

200 


PER CENT CHANGE 

100 

50 

0 

— 50 

100 

Fig. 1. Each point represents the result obtained on one subject. The lieavy 
iiorizontal bars mark the mean value for the group. 


Table 2. A Comparison Between the Absolute Reduction and the Percentile 
Fall in Circulating Eosinophils Following the 
Administration of 25 Mg. of ACTH 




1 

1 

Eosinophils per cu. inin. 


Patient 

Sex 

Age 

1 

8:00 a.in. 

i 

12:00 n. 

Actual 

Decrease 

Change 

F.G. 

F 

18 

21 

4 

17 

-81% 

A.D. 

M 

52 

108 

33 

75 

-70% 

P.L. 

M 

24 

288 

61 

227 

-79% 

R.F. 

M 

46 

384 

119 

265 

-69% 


lymphocytes and eosinophils and a rise in polymorphonuclear leukocytes 
(Fig. 1). Changes in differential leukocyte counts resulting from adminis- 
tration of ACTH were expressed as a per cent of the preinjection counts. 
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This was based on the finding tliat Ihe cfTcel of a standard dose on the 
eosinophil count of normal subjects was quite uniform when expressed in 
(his way irresjiective of rather wide varialions in the magnitudes of the 
initial counts (Table 2). Since the hematologic effects following a single 
intramuscular injection of AC'’rH were most pronounced at the end of four 

EFF E C T OF 25 MGM, OF ACTH ON EOSINOPHILS AND LYMPHOCYTES 
EOSINOPHILS LYMPHOCYTES 


8000 

4000 

yjoo 

eooo 

1000 


8 10 12 2 

HOURS 

Fig. 2 


Tablc 3. Changes in Eosinophils Following ACTII Administuation 


Group 

Number 

of 

Subjects 

Eosinophil Count 
Cells per cu. mm. 
Alean Value for 
the Group 

Change | 

j 

Range 

1 j 

! S:00 a. 111 . 
Control 

4 hrs. 1 
following 
25 mg. 
ACTH i.m. 

Normal subjects 

Non-Addisonians 

Addisonians 

10 

40 

30 

1G7 

181 1 
247 ! 

40 

57 

235 

1 1 1 

CO 

— 63 to —97 

— 52 to —98 
+36 to -38 


hours (Fig. 2), this point was selected for measuring the maximum change 
m circulating leukocjdes. 

In contrast to the response of normal subjects and patients with ade- 
quate adrenal cortical function, patients with Addison’s disease failed to 
show the characteristic hematologic changes, particularlj^ the decrease in 



LYMPHOCYTES 
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lymphocytes and eosinophils, following the administration of ACTH 
(Fig. 3). It thus appeared that the fall in eosinophils and lymphocytes was 
dependent upon an intact adrenal cortex. Since the mean percentile fall in 
eosinophils following ACTH administration was approximately twice as 
great as that observed in the case of l3m-iphocytes and since there was no 
overlap in the eosinophil response between the Addisonian and non- 


CHANGES IN CIRCULAriNG LEUKOCYTES 
FOLLOWING 25 MGM. OF /iCTH IN AOOISO^te DISEASE 


+ 


PER CENT CHANGE 


EOSINOPHILS LYMPHOCYTES NEUTROPHILS 



Fig. 3. Each point represents tlie result obtained on one subject. The heavj’’ 
horizontal bars mark the mean value for the group. 


Addisonian groups (Table 3, Figs, 1, 3), it must be concluded that the fall 
in circulating eosinophils is a more sensitive indicator of an increase in 
adrenal cortical hormone secretion than is the change in circulating lym- 
phocytes. 

To determine whether the failure of patients Avith Addison’s disease to 
respond to ACTH was due to insufficient adrenal cortical hormone secre- 
tion rather than a peculiarity in leukocytes, 20 mg. of crystalline Com- 
pound F was administered to seven patients with Addison’s disease. Since 
a fall in circulating eosinophils of 50 per cent or more was observed in six 
of the seven patients so treated (Table 4), the maximum effect occurring at 
four hours as Avas the case for non-Addisonians given ACTH (Fig. 4), it 
must be concluded that the failure to respond to ACTH Avas not due to an 
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iibnorinnlity of rirctihifinp lrtik«><*y((‘s but nithor to iuin’iuil cortical hor- 
mone ilt'firicncy. 'I'lic ^pt'ci^icity of the 1 l-lT-oxy-'-tcuoid type of compound 
in producing these ehaup's is supiiested by tin* i)oor response of patients 
with Adilison’s disease to other types of water soluide steroids such as 
('oinpound A. desoNycortictistorone. anil testosterone (Table 4). 


CFFEC7 OF COvnOUMD 'F' ON LYMPHOCYTES AND EOSINOPHILS 



BftU to 12 2 8 AM to 12 2 

Fig. 4. Seventeen ing. of Compound F was administered 


intramuscularly at 8:00 a.m. 

The failure of patients with Addison’s disease to show a fall in the level 
of circulating eosinophils following ACTH administration indicated that 
neither ACTH itself nor contaminating anterior or posterior pituitary hor- 
mone in the ACTH preparation used in these studies was directly re- 
sponsible for the hematologic changes. In patients with intact adrenals, 
however, one could not be certain that contaminating substances in the 
ACTH preparation did not contribute to the hematologic response by 
stimulating the output of anterior pituitary and adrenal cortical hormones. 
To test this possibility a dose of pitocin and pitressin ten times as large as 
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that contained in 25 mg, of ACTH was administered to three subjects who 
had responded to ACTH on a previous occasion, A fall in eosinophils of 
40 per cent, 18 per cent, and 46 per cent respectively was observed. These 
studies suggest that it is possible for large quantities of posterior pituitary 
hormone, far exceeding those contained in the ACTH preparations, to in- 


Table 4, Eosinophilic Response to the Injection of Water Soluble 
Steroid Hormones in Patients with Addison’s Disease 


Patient 

Sex 

1 Age 

j 

1 

Hormone 

1 

1 

Dose 

mg. 

Control 
Level. 
Eosino- 
phils per 
cu. mm. 

Four 
Hours 
After 
Hormone 
Eosino- 
phils per 
cu. mm. 

Change 

E.C. 

M 

13 

1 

17 

570 

75 

-S7% 

J.P. 

M 

2S 


20 

231 

63 

-75% 

H.P, 

F 

33 

17-hj’-droxy- 

20 

157 

55 

-65% 

M.N, 

F 

48 

corticosterone 

20 

152 

90 

-05% 

E.V, 

M 

49 

(Compound F) 

20 

486 

188 

-61% 

H.S. 

M 

38 


20 

247 

117 

-53% 

V,A. 

F 

1 

38 


20 

2,300 

1,810 

1 -24% 

1 

i 


ll-deh}'drocorti- 

1 




J.B. 

M 

56 

costerone hemi- 

25 

1 296 

276 

- 7% 

E.C, 

M 

14 

succinate 

50 

790 

778 

- 2% 




(Compound A) 





C.S.. 

F 

44 

Desoxycorticos- 

30 

208 

225 

+ 8 % 

.LG. 

F 

37 

terone glucoside 

30 

171 

150 

-12% 




Testosterone 





H.P. 

F 

33 

diethyl-amino 

30 

172 

164 

- 5% 

E.Z. 

F 

58 

ethyl-carbonate- 

35 

84 

86 

- 2% 




hydrochloride 






duce hematologic changes similar to those observed with ACTH, The 
magnitude of the response, however, never exceeded one-half that ob- 
served with 25 mg, of ACTH, These experiments, of course, failed to indi- 
cate whether the hematologic response Avas due to adrenotropic contami- 
nant in the large dosage of posterior pituitary or whether the posterior 
pituitary extract in large quantities initiated an alarm reaction (59) with 
anterior pituitary and adrenal cortical hormone response. 

The initial eosinophil counts done under fasting conditions in thirty pa- 
tients with Addison’s disease failed to reveal a significantly higher level 

.1 • • 1 1 T /cn i-wi o \ ^ 1^1^ 1 c* _ 
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ration suggests that factors other than adrenal cortical hormone output 
regulate the basal level of circulating eosinophils. As one of the limitations 
of the ACTH response it should be noted that both ACTH and Compound 
F administered at the height of an acute allergic cosinophilia failed to re- 
duce the level of circulating eosinophils to the extent observed in other 
disorders. 

The exact mechanism svhereby eosinophils disappear from the circulat- 
ing blood following adrenal cortical stimulation with ACTH is not known. 


EFfECT Cf ACTH ON URC AGO EXCfiETIOfJ IN A CONTROL SUBJECT 


URIC ACID 
PER VZ HOUR SJUPLC 


CREATININE 
per VZ hour SWlE 


URIC ACIP- 
CREATININE 


Rx 

TIME 



Fig. 5 

Neither the spleen nor the thjTOUs appears essential for the phenomenon, 
as a normal re.spon.se to ACTH has been observed in man follo'ndng sple- 
nectomj’- or thymectomj" (33). 

Metabolic Changes 

Uric Acid Excretion: It is known that a variable increase in nitrogen 
excretion follows the administration of adrenal cortical extract and certain 
adrenal steroids. Experiments in man indicated that the rise in uric acid 
excretion folIoT\dng the repeated and prolonged administration of 11 and 
11-17-oxysteroids (30) was much more consistent and of relatively greater 
magnitude than the rather inconstant increase in total nitrogen excretion. 
With these facts in mind, uric acid excretion was studied as a possible indi- 
cator of increased adrenal cortical secretion of carbohj-^drate-regulating 
factors. 

Following the intramuscular injection of 25 mg. of ACTH in the fasting 
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state, an increase in uric acid excretion was observed in ten normal sub- 
jects and in forty patients with apparently adequate adrenal cortical re- 
serve. The maximum increase in uric acid excretion occurred approximately 
four hours following the administration of hormone (Fig. 5). This corre- 
sponded with the point of maximal eosinophil and lymphoc^de depression. 


Table 5. Pekcentile Rlse in tJniNARv Uric Acm-CREAriNixE Ratio 
Folloaving the Administration of 25 jMg. of ACTH 


Group 

Number 

of 

Subjects 

6:00 a.ni.- 
8:00 a.m. 
Ratio 

9:00 a.m.- 
12:00 n. 
Ratio 

Cliange 

Normal Subjects 
Mean 

10 

0.49 ±0.10 

0.93+0.15 

+91% +23 

Range 


(0.35 to 0.68) 

(0.67 to 1.15) 

(+62 to +130) 

Males 

G 

0.43 

0.85 

100% ■ 

Females j 

4 

0.59 ; 

1 

1 .06 

78% 

1 

Non-Addisonians 

Mean 

40 

0.55+0.15 

1 .01 +0.23 

+89% +29 

Range ^ 


(0.27 to 0.92) 

(0.59 to 1 .62) 

(+28 to +172) 

Males 

15 

1 0.55 

0.95 

+81% 

Females 

25 

0.56 

1.04 

+93% 

Addisonians 

Mean 

30 

0.56±0.12 

0.64+0.12 

+ 16%+13,2 

Range 


(0.31 to 0.99) 

(0.34 to 1.14) 

(-14 to +59) 

Males 

14 

0.48 

0.59 

+21% 

Females 

16 

0.61 

0.67 

+10% 


Creatinine excretion remained constant or decreased as a rule. With this 
in mind changes in uric acid were computed as differences in the uric acid- 
creatinine ratio, thereby obviating the necessity for complete urine col- 
lections and accurate volume measurements. The uric acid-creatinine 
ratio in urine specimens collected from 6 : 00 a.ni. to 8 : 00 a. m. following an 
overnight fast proved to be remarkably constant from day to day in the 
same individual. Furthermore, the uric acid-creatinine ratio in a speci- 
men collected from 9:00 a.m. to 12:00 n. under fasting conditions varied 
little from the early morning 6:00 to 8:00 specimen (Fig. 5). Since little 
increase in uric acid excretion occurred during the first hour following 
ACTH administration (Fig. 5), the uric acid-creatinine ratio in the control 
specimen from 6:00 a.m. to 8:00 a.m. was compared with that of the 
9:00 a.m, to 12:00 n. specimen, the injection of ACTH having been given 
at 8:00 a.m. In patients with marked creatinuria the uric-acid creatinine 
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ratio lends to be abnormally high but falls within the normal range when 
total rather than ])reformed creatinine is used. 

In a group of ten normal subjects the increase in uric acid-creatinine 
ratio following ACTH administration amounted to 91 per cent (plus 62 to 
plus 130); in forty patients with disea.^^es apparently not involving the 
adrenal cortex the increase in ratio was 89 per cent (plus 28 to plus 172); 
whereas in thirty ])aticnts with Addison's disease a mean increase of only 

CHANGES IN URINARY URIC ACID CREATININE RATIO 


+ 

PER CENT CHANGE 



ZS MGM ACTH 


25 MGM. ACTH 


20 MGM. CPD. 


Fig. 6. Each point represents the result obtained on one subject. The heavy 
horizontal bars mark the mean value for the group. 


16 per cent (minus 14 to plus 59) was noted (Table 5, Fig. 6). Alth ugh 
there was a striking difference in the response of the Addisonian and non- 
Addisonian groups as a whole to ACTH administration, there was con- 
siderable overlapping in inditddual instances. The initial control uric acid- 
creatinine ratios (6:00 a.m. to 8:00 a.m.) were remarkablj'^ similar for 
the three groups (Table 5). 

A number of patients with Addison’s disease who failed to show an in- 
crease in uric acid-creatinine ratio following ACTH administration were 
given 20 mg. of Compound F. Although the ratio increased in all patients, 
the magnitude of the change was not as great as that observed in normal 
individuals given 25 mg. of ACTH (Table 6, Fig. 6). It is interesting to 
note that 20 mg. of Compound F induced a near maximal fall in cii'culating 
eosinophils. Since it was impossible, because of lack of material, to give 
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these patients larger doses of Compound F, it cannot be stated whether 
the failure to induce a maximal increase in uric acid-creatinine ratio was 
due to a quantitative or qualitative inadequacj'' of Compound F. 

Two patients given a single injection of a water soluble preparation of 
Compound A in a dose of 25 and 50 mg. respectivelj'^ showed no increase in 
uric acid-creatinine ratio, although in pi-evious studies (30) repeated ad- 
ministration of Compound A over a period of several days had increased 
the uric acid-creatinine ratio in most instances. The injection of a rela- 
tively large dose of water soluble desoxycorticosterone glucoside was fol- 


Table G. Changes in Uiuc Acio-CnEATiNiNE Ratio Following the 
Administration of Various Water Soluble Steroid HoinroNEs 
TO Patients with Addison’s Disease 


Patient 

Sex 

[ 

1 

Age 

I 

1 

1 

Hormone 

Dose 

mg. 

Uric Acid- 
Creatinine Ratio 
6:00 a.m.--|9:00 a.m.- 
8:00 a.m. 12:00 n. 

Change 

M.N. 

H.P. 

1 

F 

F 

' 48 
33 

17-hydroxy- 
corticosterone 
(Compound F) 

! 

20 

20 

0.47 

0.43 

0.80 

0.63 

+48% 

+45% 

J.B. 

E.C. 

1 

M 

* 56 
13 

1 1-dehydrocor- 
' ticosterone hemi- 
succinate 
j (Compound A) 

j 

25 

50 

1 

1 

0.33 

0.65 


' + 7% 

+ 2% 

c.s. 

J.G. 

F 

F 

I 

44 

37 

1 

Desox 3 '’corticos- 
terone glucoside 

30 

1 30 

I 

' 0.50 

! 0.54 

1 


+22% 

+27% 

E.Z. 

F 

1 

1 

58 

1 

Testosterone 

dieth 3 d-amino- 

eth 3 d-carbonate 

h.ydrochloride 

30 

, 

0.45 

1 

i 

0.37 

-18% 


lowed by a small but definite increase in ratio. The only fall in uric acid- 
creatinine ratio observed in these experiments occurred in a patient given 
a water soluble testosterone preparation (Table 6). 

The rise of 16 per cent in uric acid-creatinine ratio observed in patients 
with Addison’s disease may be taken as the limit of the ACTH response 
not mediated through the adrenal cortex or may represent the effect of 
some remaining active cortical tissue. To test the possibility that the ac- 
tivity of contaminating substances in the ACTH preparation might have 
contributed to the increase in uric acid-creatinine ratio in subjects with 
adequate adrenal cortical function, the ratio was followed in three indi- 
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vidunls pivcii jiitociii :uul pilressin in a dosage (en limes as large as that 
conlained in 2o mg. of ACTH. Only one of the three subjects showed a 
definite rise (plus 2!) i)er rent) in uric aeid-crcatinine ratio. Thus the pos- 
sibility that contaminating substances in the .VCTH preparations might 
liave acted as “alarming agents” cannot be eliminated, although it .seems 
unlikely in view of the small changes observed following the relative!}' 
large dosage of posterior pituitary hormone. 

The increase in uric acid excretion observed with ACTH must be due 
to either increased production, increased clearance, or both. In favor of an 
increased uric, acid clearance is the fact that the majority of patients 
showed no significant rise in serum uric acid level during a period of in- 

SERUM URIC ADD CH4.NGES RXLCWNG AOH AND COMPOUND F 

UP I &S THYPOTOOCOStS 


60 


SERUM URJC AOD 
MGM-X 
50 


40 

SM >0 iZm dAM lO IZm 

TIME 
Fig. 7 

creased uric acid excretion. Increased formation or mobilization of uric 
acid following ACTH administration was suggested in a gi’oup of patients 
with mild renal impairment who .showed a rise in serum uric acid level with 
a slight rise in uric acid excretion (patient M.P., Fig. 7). In the same sub- 
ject similar changes were produced by the administration of 20 mg. of 
Compound F. From this it appeared that the increased excretion of uric 
acid which followed ACTH administration was in all probability due to an 
increase both in formation and clearance. 

Increased uric acid excretion as an index of increased adrenal cortical 
function has certain limitations which should be pointed out. Under con- 
ditions of dehydration, hyperuricemia (gout or leukemia), or renal in- 
sufficiency, uric acid clearance may already be approaching the maximum. 
Hence an appreciable increase in uric acid excretion cannot occur in re- 
sponse to ACTH, although one would anticipate a rise in serum uric acid 
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levels under such circumstances. In patients with severe liver damage the 
formation of uric acid from its precursors may be impaired, and hence only 
a limited rise in serum uric acid level and in uric acid excretion should be 
anticipated ih response to ACTH. Finall}’', depletion of the immediate 
source of uric acid, thought by some to be lymphoid tissue, or a reduction 
in the rate of its breakdown as in h 3 ^pothyroid states, might limit the mag- 
nitude of the uric acid response to ACTH. 

Electrolyte Excretion : Adrenal cortical stimulation might be expected to 
induce variable changes in electrolyte excretion, depending upon the rela- 
tive proportions of salt-retaining and salt-losing adrenal steroids secreted. 
In these studies electrolyte excretion might also be affected bj^ the poste- 
rior pituitary contaminants in various ACTH preparations. 

Table 7. Percentile Changes in Urinary Constituents Following the Admin- 
istration OF 25 Mg. op ACTH to Subjects with Normal Adrenal 
Function and to Patients avith Addison’s Disease 



Patient 

1 

Sox 

•A so 

Blood 

Eosinophil 

Responses 

Uric 

1 Acid 

1 Creiiti- 
j nine 

I'olnl 

Nitro- 

Rcn 

Great i- 
nirc 

Potas- 

sium 

Creati- 

nine 

Sodium 

Crenti- 

nine 

i 

Chloride , 
Creati- 1 

nine 

1 

Inorganic 

Plios- 

phorus 

Creati- 

nine 


M.G. 

1 ^ 

23 

-88% 

+95 

-.09 1 

+240 

1 +100 

1 

+ or 

- 43 


S.M. 

1 F 

65 

-81% 

' +81 


+168 

f +126 

+167 

1 +100 


L.P. 

I M 

33 

-52% 

+80 

-10 j 

^235 

+ 69 

+100 

- 26 


J.S. 

M 

45 

+26% 

! +2C 

I _ 6 

' + 83 

+ 9 

+ 0 

+ 3 

Addisonians 

M.F. 

F 

44 

- 2% 

+19 

- 6 

+ 11 

+ 35 

+ 44 

+ 37 


E.V.* 

M 

49 

-10% 

+12 

' - 7 

+ 1 

-f 5 

± 0 

- 1 


* Patient E.AL had a urea clearance of only 35 per cent of normal, a fact which may contribute to the poor urinarj' 
response to ACTH. 


In the short-term experiments, subjects AAuth adequate adrenal cortical 
reserve, as indicated by a fall in circulating eosinophils and a rise in uric 
acid-creatinine ratio, Avere observed to have increased potassium, sodium, 
and chloride-creatinine ratios following ACTH administration (Table 7). 
Changes in inorganic phosphorus-creatinine ratio u'^ere A-^ariable; AA'hereas 
total nitrogen-creatinine ratio tended to fall. The increase in the sodium 
and chloride-creatinine ratios in the four-hour experiments are interesting 
in contrast to the over-all marked retention of these electrolytes Avhich oc- 
curred with repeated injections of ACTH over periods of from four to six 
days. Onlj^ the changes in potassium and uric acid excretion were con- 
sistent with both single and repeated injections of ACTH. In patients AAuth 
Addison’s disease, potassium, sodium, and chloride-creatinine ratio 
changed relatively little following ACTH, suggesting that the changes in 
renal excretion of these electrolytes observed in the non-Addisonian group 
AA^ere dependent upon the adrenal cortex. 
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It is conceivable tlinl the increased sodium, chloride, and potassium- 
creatinine ratios which occurred in the first four hours following ACTH 
administration reflect a predominant secretion of 11-17-oxysteroids as op- 
posed to dcsoxycorticosteronc-likc factors under which circumstances an 
increase in potassium excretion would be accompanied by sodium and 
chloride retention (00). 

A TEST FOR ADRENAL CORTICAL RESERVE 

The authors* experience with a large group of patients with Addison’s 
disease suggested that the failure to observe a fall in circulating eosinophils 


Taiilk S. An Examim.k «k a Xokmai, Response to 25 Mg. of ACTH 

(ACTH Test) 


P.'iticnt R.P. 

Normal Male 

Age 21 

Circulatiii" Eosinojihils 

8:00 a.m. 

ISS per cu. niin. 


12:00 n. 

46 per cu. mm. 

Percentile Fall 


76% 

Urinary Uric Acid 

G:00 a.m.-S:00 

a.m. 9:00 a.m.-12:00 n. 

Mg. per cent 

72 

156 

Creatinine 



Mg. per cent 

185 

234 

Uric Acid-Creatinine Ratio 

0.39 

0.67 

Percentile Rise 


72% 


or a rise in uric acid-creatinine ratio following the injection of a single 
dose of ACTH provides a relatively simple clinical test (71) of adrenal 
cortical reserve with particular reference to the carbohj-^drate-regulating 
factors. 

Procedure 

No food is permitted after 8:00 p.m. On the following da}'^ water is al- 
lowed ad libitum, and in addition 200 cc. of water is given at 6:00 a.m., 
8:00 a.m., and 10:00 a.m. A control urine specimen is collected from 
6:00 a.m. to 8:00 a.m., and an eo.sinophil count is done at 8:00 a.m. Im- 
mediately thereafter 25 mg. of ACTH is injected intramuscularl 3 ^ Urine 
is collected from 9:00 a.m. to 12:00 n., and the eosinophil count is re- 
peated at 12:00 n. The percentile decrease in circulating eosinophils is 
calculated, the two urine specimens are analj'^zed for uric acid and creati- 
nine, and the uric acid-creatinine ratio is computed. An example is pre- 
sented in Table 8. 
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The technique for the direct eosinophil count and the dii-ectioiis for the 
preparations of the ACTH for injection are to be found on pages 18 and 19. 

Interpretation 

Normal adrenal cortical reserve is indicated by a fall in eosinophils and a 
rise in the uric acid-creatinine I'atio exceeding 50 per cent,. Mild adrenal 
insufficiency is indicated by a normal fall in eosinophils with only a small 
rise in uric acid-creatinine ratio (20 to 50 per cent). Addison’s disease is 
characterized bj'^ a decrease in eo.sinophils of less than 20 per cent and an 
increase in the uric acid-creatinine ratio not exceeding 50 per cent. 


Table 9. ACTH Response in Patients with Anteriok 

PiTUITARV In,SUKFICIENCY 


Patient 

Sex 

Age 

Diagnosis 

Degree of 
Anterior 
Pituitarj" 
Insuhicienc.A" 

Change in 
Circiilat- 
ing 

Eosino- 

phils 

Change in 
Uric Acid- 
Creati- 
nine 
Ratio 

I.L. 

F 

42 ! 

Simmonds’ Disease 

Severe 

+24% 

+ 1% 

R.Ct. 

F 

33 

Simmonds’ Disease 

Severe 

- 4% 

+ 18% 



61 

Simmonds’ Disease 

Moderate 

1 

-17% 

+22% 

M.A. 

! 

M 

5S 

Chromophobe adenoma 

* Severe 

-15% 

+32% 

M.F. 

M 

60 

Chroinopliobe adenoma 

Mild 

-27% 

+49% 

M.R. 

M 

46 

Chromophobe adenoma 

1 

Mild 

-45% 

+90% 


The majority of patients with adA^anced anterior pituitary insufficiency 
show little if any re.sponse to ACTH; whereas cases with milder insuffi- 
ciencj'' may gNe some evidence of adrenal cortical stimulation folloAving 
ACTH administration. Table 9 illustrates the authors’ limited experience 
with this group. Patient R.G., a case of Simmonds’ disease of long standing 
with a iiegatiA^e ACTH test, failed to sIioaa^ any response even after three 
da 3 ^s of continued ACTH administration (40 mg. per day). On the other 
hand, patient M.R., AAdio showed a somewhat inadequate response to a test 
dose of ACTH, revealed full adrenal cortical activity after six days of ad- 
ministration of this material (40 mg. per day). It Avould appear that the 
adrenal cortex must have undergone considerable functional if not his- 
tologic atrophy in most instances, leaving only an occasional patient Avith 
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sufi;ciciit potential rcj^ervo to respond ade(inafely to ACTH administration 
over a relatively short period of time. A low basal metabolic rate appears 
to be another factor in the reduction of the adrenal cortical re.sponse. 

An overact ive adrenal cortex with little functional reserve (alarm reac- 
tion (59)) is suggested by a normal fall in eosinophils (50 per cent or more) 
in the presence of a high fasting uric aeid-ereatinine ratio (O.S or greater) 
with only a small increase following ACTH administration. The limitations 
to the interpretation of these changes are discussed on pages thirty-one 
and thirty-two. 

EFFECT OF REPEATED IX.IICCTIOX.S OF ACTH (FOUR TO SIX DAYS) 
Plan of Study 

One normal male .subject, R.P., and two patients, AI.R. and J.W., were 
.selected for these experiments. Patient AI.R., a forty-.six-yeai’ old male. 


T.\iii.K 10. Daily Dictaiiy Intakk on Conjh’.vnt Diet* 


' C.arbo- . Total ■ 

Subject hvdrate ^ fotein Fat | Caloric.s 1 

Gm./clay Gm./day Gm./clay ^...p/day j 

Fluid 

cc./day 

Xa 

1 in.Eq. 

1 

1 

’ Cl i 
m.Eq. . 

X 

Gm. 

R.P. 204 74 1 

99 

: 2,290 

2,. 500 

i 113 

' 135 1 

11.9 

.T.W. 1.S5 .59 1 

03 

1 ,.500 

2,. 500 

05 

i .S2 j 

9.5 

-AI.R. ' 312 i 3S ' 

35 

, 1 ,720 

2,500 

74 

i 94 ; 

c.o 

' 1 


1 

1,600 

1 

i 1 


i i 


1 

‘ i 

2,000 


i 



* The values for sodium, chloride, nitrogen and protein were obtained by the direct 
analysis of food aliquots. 


had received X-raj' treatment one year preA’iouslj’’ for a pituitary chromo- 
phobe adenoma ; at the time of the .study he .showed classical sj-mptoms of 
early pituitaiy insufficienc 3 \ Patient .J.W., a fifteen-j'-ear old female, had 
had amenorrhea, weight loss, anorexia, and asthenia for several months 
prior to admission. The provi.sional diagno.sis was anorexia nervosa. These 
two patients were selected with the hope that certain responses to ACTH 
might be exaggerated, and hence it might be possible to detect changes 
which would not be apparent or .significant in the normal. Patient AI'.F., a 
forty-nine-year old housewife with known Addison’s disease for six 3 'ears, 
served as a control. 

All subjects were placed on a constant dietar 3 ^ regimen (Table 10). After 
a control period in which a .stead 3 ’’ state had been reached, as estimated 
from the constane 3 ’’ of urinar 3 '’ chloride and nitrogen excretion, intramus- 
cular injections of ACTH were begun. The hormone was given in diAuded 
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doses of 10 mg. per dose every six hours, a t.otal dose equivalent to 40 mg. 
of the Armour standard prepai’ation per daj'^ OA^er a period of from four 
to six days. 

Evidence of increased secretion of adrenal androgens was obtained by 
the determination of urinary 17-ketosteroid excretion, » of 11 and 11-17- 
oxysteroids by following the excretion of 11-oxysteroids, uric acid, total 
nitrogen, alterations ih glucose metabolism, and the change in circulating 
eosinophils and lymphocytes, and of de.soxycorticosterone-like steroids by 
following changes in bod}'’ weight, urine volume, and the excretion of so- 
dium and chloride (74). 

General Effects 

The repeated administration of ACTH in doses of 10 mg. every six hours 
over a period of from four to six days was well tolerated by both the normal 
subject and the patients. In no instance did a significant elevation in sys- 
tolic or diastolic blood pressure occur. There was evidence of considerable 
fluid retention in all except the patient with Addison’s disease. 

Changes in Adrenal Androgenic Steroid Secretion 

Urinary Excretion of 17~Ketosteroids: The two patients, M.R. and J.W.j 
and the normal male subject, R.P., showed a significant increase in 17- 
ketosteroid excretion during the administration of ACTH (Fig. 8). In 
patient M.R. the increase amounted to approximately 500 per cent, in 
patient J.W., 300 per cent, and in the normal subject, 100 per cent. An 
increased excretion of 17-ketosteroids was noted as early as the second day 
of treatment (M.R.) and was sustained throughout the period of ACTH 
administration. The values fell rapidly to the pretreatment level within 
three days following withdrawal of ACTH administration (Fig. 8). Al- 
though the excretion of 17-ketosteroids increased greatly during the four 
to six days of ACTH administration, it is of interest to note that in no 
instance did the maximum value exceed high normal for that individual. 

Further evidence of the secretion of an increased quantity of androgenic 
steroids occurred in patient M.R. who noted that his beard grew much 
heavier and continued to do so for some time after discontinuing the ACTH 
and that it was necessary for him to shave daily instead of twice weekly as 
had formerly been necessary. He also noticed nocturnal erections which 
had not been present for at least one year previously. 


® It is common practice to assume that an increase in stei’oid excretion necessarily 
implies increased hormonal production. In the absence of blood determinations the 
limitation of this assumption is appreciated. 
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Patient M.F., an Addisonian treated with ACTH for four days, failec 
to show any increase in 17-ketostcroid excretion (Fig. 19). 

Changes in 11 and 11-17-Oxysteroid Secretion 

1 l-Oxifstcroid Excretion: A striking rise in 11-oxysteroid excretion wa; 
observed in all three individuals (Fig. 8). It should be noted that theinitia 


EFFECT OF ACTH ON URINARY STEROID EXCRETION 



Fig. S 


values during the control period indicated a normal level in patient M.E 
and normal subject R.P.; whereas the initial value in patient J.W.-was 
higher than normal. The highest value attained during ACTH administra- 
tion in all three mdi^^duals was of approximately the same order of mag- 
nitude, i.e. 1.34 to 2.42 mg. per twent 3 ’--four hours, representing percentile 
increases of 500 per cent for patient jM.R., 300 per cent for patient J.W., 
and 500 per cent for normal subject R.P. Although the excretion of both 
17-ketosteroids and ll-oxj'-steroids was increased greatl 3 ^ b 3 ’- ACTH ad- 
ministration, there was this difference between the two responses: TlTiereas 
the excretion of ll-oxysteroids attained abnormall 3 " high levels, such as 
have been noted in Cushing’s s 3 Tidrome (65), the 17-ketosteroid excretion 
never exceeded high normal levels. Patient M.F. with Addison’s disease 
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failed to show any increase in 11-oxysteroicl excretion^" following four clays 
of ACTH administration (Fig. 19). 

Ui'ic Acid Excretion: All three individuals, M.R., J.W., and R.P., showed 
an increase in uric acid excretion during ACTH administration (Figs. 9, 
10, 11) with a maximum rise during the first forty-eight hours. The per- 
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Fig. 9. Sunin.-ury of some of the mctaliolic changes following ACTH administration. 

centile increase for the entire period of treatment amounted to 92 per cent 
for patient M.R., 95 per cent for patient J.W., and 20 per cent for normal 
subject R.P. The increased uric acid excretion was accompanied in all three 
subjects by a decrease in serum uric acid level greater than could be ex- 

10 The authors are indebted to Dr. Nathan B. Talbot for carrying out the 1 l-o.xy- 
steroid determinations reported on patients J.W. and M.F. and on normal subject R.P. 
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Fig. 10. Summarj' of some of the metabolic changes following 
ACTH administration. 


plained by the associated hemodilution (Table 11). The fall in serum uric 
acid level suggests increased uric acid clearance; the magnitude of the in- 
crease in uric acid excretion observed during this same period suggests a 
rise in uric acid production (Fig. 12). 

In contrast to the changes in uric acid excretion, no increase in preformed 
creatinine was observed in anj^ of the three subjects, nor did an appreciable 
change occur in creatine in the one case in which it was followed (patient 
J.W.). 
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Fig. 11. Summary of some of the metabolic changes following 
ACTH administration. 


Patient M.F. with Addison’s disease failed to show a significant increase 
in uric acid excretion (Fig. 19) or a fall in serum uric acid level during a 
four-daj^ period of ACTH administration. 

Nitrogen Balance: In patient M.R. nitrogen balance changed from minus 
2.5 Gm. daily during the control period to minus 5.9 Gm. daily during the 
six days of ACTH therapy (Table 12). The negative nitrogen balance was 
accounted for entirely bj'- increased urinary excretion. Normal subject R.P. 
was in negative nitrogen balance during the preliminarj'- control period 
(minus 2.7 Gm. daily). During ACTH administration the negative nitrogen 
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balance decreased to a value of minus 0.5 Gm. daily, returning toward the 
original value following withdrawal of hormone. In patient J.W. it was 
possible to follow only urinary nitrogen excretion which decreased .slightly 
from a level of 7.0 Gm. daily to 7.6 Gm. daily during hormone therapy and 
returned to the control level following withdrawal of ACTH. Patient AI.F. 


CHANGES IN URIC ACID METABOLISM FOLLO/flNG ACTH ADf/lNISTRATION 
MR. J 46 PITUITARY DEFICIENCY 


SERUM URIC ACID 
MGM.X 


URINARY 
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RATIO 
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Fig. 12 


■\\dth Addison’s disease showed no significant change in urtnarj’- nitrogen 
excretion during ACTH administration. 

Serum Protein: There was a fall in serum protein level in aU three indi- 
^'iduals during ACTH therapy (Fig. 13). The maximum decrease was 1.3 
Gm. per cent in normal subject R.P., 0.8 Gm. per cent in patient J.W., and 
1.8 Gm. per cent in patient M.R. A moderate degree of hemodilution ac- 
companied the fall in total serum protein but was insufficient to explain the 
total decrease in serum protein level. The greatest fall in protein occurred 
in patient M.R. who was given ACTH for six daj’s and who showed the 
greatest increase in urinary nitrogen excretion (Fig. 9). It appeared that 
the second .significant drop in serum protein level in this patient occurred 
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Table 11. Changes in Cikculating Lymphocytes, Serum Ukic Acid and Urinary 
Uric Acid Excretion Following the Administration of ACTH 




J.W. 

M.R. 

R.P. 

Periods 

D.nys 

Htc. 

% 

Lym. 

no./eu. 

inm. 
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Table 12. Changes in Nitrogen Balance During ACTH Administration 



Normal Subject R.P. 

Patient M.R. 

Patient J.W. 

Con- 

trol 

ACTH j 

Con- 

trol 

Con- 

trol 

ACTH 

Con- 

trol 

ACTH 

Con- 

trol 

Nitrogen 
Excretion ! 
Gm. per dajr 
Urinary 
Fecal ] 

Total 

] 

13.4 
1-2 1 
14.6 

11.6 

0.8 

12.4 

12.3 

1.3 

13.6 

7.6 

0.7 

8.3 

10.9 

0.8 

11,7 

1 

7.9 

7.6 

7.9 

Nitrogen In- 
take Gm. per 
day 

11,9 

i 

11.9 

11.9 

5.8 

5.8 

9.5 

1 

9.5 

9.5 

Balance 

-2.7 

-0.5 

-1.7 

1 

-2.5 

-5.9 

(-1-1.6) 

( + 1.9) 

( + 1.6) 


after a urinary loss of approximately 20 Gm. of nitrogen, equivalent to 
125 Gm. of body protein (Fig. 14). The changes in serum protein pattern 
(electrophoretic analysis)^^ in patient M.R. and normal subject R.P. are 

n~Theautho^are indebted to Dr. S. Howard Armstrong, Jr., for the eJectropiioretic 
patterns and their analysis (46). 
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CHA-NGES fj SERUf-l PROTEIN DURl’lG tCTH flOVNiSTRlTION 



Fig. 13 


Retotion of Plo^mo Protein to Protein Loss During ACTH Administration 



Fig. 14. The cumulative nitrogen loss vas calculated from excess nitrogen 
excretion based on the original control level. 
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summarized in Table 13. In patient M.R. given ACTH for six days, there 
was a significant rise in albumin with a reciprocal fall in alpha-2 globulin, 
changes opposite to those found in patients with Addison's disease. The 
small rise in gamma globulin is hardly significant. In normal subject R.P. 
there was no significant alteration in the electrophoretic pattern following 
four days of ACTH administration. 


Table 13. Changes in Serum Protein Electkothoretic 
Pati’ebn During ACTH Administration 

Patient M.R. 


Rx 

Total Protein 
Cm. % 

Serum Component per cent 

Albumin 

Globulin 
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! 14 
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Normal Subject R.P. 
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1 
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4 1 
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6.2 

59 

5 
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It is possible that the Available changes in nitrogen balance in these three 
indiAdduals reflected differences in the over-all effect of increased andro- 
genic versus 1 1-oxysteroid secretion, the former predisposing to nitrogen 
retention and the latter to nitrogen loss. The marked differences in nitrogen 
balance are to be contrasted with the consistent and uniform increase in 
uric acid excretion Avliich occurred in all three subjects during ACTH ad- 
ministration (Figs. 9, 10, 11). 
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Inorganic Phosphorus: Urinary excretion of inorganic phosphorus was 
greatly increased in patient IM.R. during the first four days of ACTH ad- 
ministration (Fig. n). In patient J.W. there was an increased phosphorus 
excretion (plus 7.2 m.mol.) during the first day of ACTH treatment (Fig. 
10). In contrast, normal .subject R.P. showed a slightly diminished phos- 
phorus excretion during .\CTH administration with a rise following the 
withdrawal of .VCTH (Fig. 1 1). The initial phosphorus diuresis observed in 
patients M.R. and J.W. preceded the maximum increase in nitrogen excre- 


CHANGES W FASTING BLOOD SUGAR. SERUM WORCAWC PHOSPHORUS AND HEMATOCRIT 
RXLOWING ACTH ADMJASTRATION 

JW t B MR /A6 RP / 21 



Fig. 15 

tion in M.R. and was unaccompanied by any increase in total nitrogen 
in patient J.W. 

The variable change in urinary phosphorus excretion in these three indi- 
viduals paralleled the changes in serum inorganic phosphorus. There was a 
fall of 0.4 m.mol. in patient M.R. and a fall of 0.2 m.mol. in patient J.W.; 
whereas normal subject R.P. showed an over-all rise of 0.2 m.mol. (Fig. 
15). A reciprocal relation of the changes in serum inorganic phosphorus to 
those in fasting blood sugar was observed in patients M.R. and J.W. but 
not in the normal male R.P. 

jSTo change in the excretion of inorganic phosphorus or the level of serum 
inorganic phosphorus was observed in patient M.F. with Addison’s disease. 

Urinary Calcium: During the control period and during the six daj^s of 
ACTH administration in patient M.R. no appreciable change in the excre- 
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tion of calcium was observed, the mean values being 90 and 93 mg. daily 
respectively for these periods. During the three days following the with- 
drawal of ACTH, however, a large increase in calcium excretion was noted 
concurrently with a marked diuresis (134 mg. average daily excretion). 

Urinary Potassium: An increase in urinaiy potassium excretion occurred 
in all thiee individuals during the first twenty-four to forty-eight hours on 
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MTROGEN ARE "ASSUMED” TO BE SUCH FOR PHOSPHORUS AND POTASSIUM AS WELL 

Fig. 16 

ACTH. The initial maximum increase amounted to 18 m.Eq. per day in 
patient M.R., 9 m.Eq. per day in patient J.W., and 20 m.Eq. per day in 
normal subject R.P. (Figs. 9, 10, 11). The increase in potassium excretion 
was unaccompanied by an increase in the total nitrogen excretion in two 
cases (J.W. and R.P.). 

In an attempt to determine to what extent the increase in inorganic 
phosphorus and potassium excretion reflected the breakdown of body pro- 
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teiii in palieni jNI.R., appropriate calculations were made (Fig. 16 (54)). 
These suggested that., wherea.s the over-all increase in inorganic pho.'^phorus 
excretion correlated closely with the breakdown of bodj' protein, pota.s- 
sium excretion exceeded by five times the anticipated ratio. In thi.s regard 
it should bo noted that, the increased potassium excretion occurred in con- 
junction with marked sodium and chloride retention analogous to changes 
observed following desoxycorticostorone administration (72). 

EFFECT OF A.CT.H. ANO COMPOUND F. ON FASTING BLOOD SUGAR 
IN ADDISON^ DISEASE 
MN. § 46. (PREVIOUSLY FASTED 6 HRS) 

CONTROL 0 0 

ACT.H. 

F □ □ 


BLOOD. 

SUGAR 

MGMX 


SERUM 
INORGANIC 
P MM|L 


TIME 

Fig. 17 

Carbohydrate Metabolism: Fasting blood sugar levels rose slightly in all 
three indi^dduals during a four to six day period on ACTH (Fig. 15). The 
mean increase in fasting blood sugar level during ACTH administration 
amounted to 26 mg. per cent in subject R.P., 31 mg. per cent in patient 
•J.W., and 15 mg. per cent in patient M.R. Gl 3 ’-cosuria was not observed in 
any instance. Following the withdrawal of ACTH, the fasting blood .sugar 
level fell promptlj'^ in all three indi^^duals to values somewhat below the 
pietieatment control. In all instances blood for fasting blood .sugar deter- 
minations was drawn five to six hours after the administration of 10 mg. of 
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ACTH ill Older to iiiiiiiniize the possibility of an iiiiinediate hj'^perglyceniic 
effect of ACTH or contaminants such as pituitrin. Patient M.P. with 
Addison’s disease showed no increase in fasting blood sugar level during a 
four-day period of ACTH administration. 

Ciystalline Compound P was administered to a patient with Addison’s 
disease (M.N.) during a prolonged period of starvation in order to deter- 
mine whether such an individual who had failed to respond to ACTH was 
capable of responding to an ll-17-ox3'-steroid preparation (Fig, 17). Under 
control conditions there was a gradual fall in blood sugar level throughout 



Fig. is 

a thirteen-hour period, A similar fall in blood sugar level was observed with 
ACTH treatment. With Compound F therapy not only was the progres- 
sive fall in blood sugar prevented, but the level of blood sugar at the 
termination of the fast exceeded the preinjection level. 

Changes in Liver Glycogen: Liver biopsies were carried out in an attempt 
to determine what changes oceui'red in liver gl 3 '^cogen content under the 
influence of ACTH. Patient M.R,, who was known to respond to ACTH, 
was maintained on a constant diet (C 250, P 90, F 60) under control con- 
ditions for three da 3 ^s prior to operation. Identical preoperative manage- 
ment was carried out in two instances, the first time under control con- 
ditions and on a second occasion following the administration of ACTH, 
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10 mg. every six hours for forty-two hours. In the control study glj'cogen 
determinations (31) done on three separate specimens of liver removed 
eight hours postprandially revealed a mean value of 6.5 Gm. per cent (wet 
weight) ; whereas three specimens removed under identical conditions fol- 
lowing ACTH treatment were found to contain 8.7 Gm. per cent of gly- 

ABSENCE OF CHARACTERISTIC CHANGES 
FOLLOWING ADMINISTRATION OF ACTH IN ADDISONS DISEASE 



Fig. 19 

cogen. The fasting blood sugar values corresponding to the two liver 
glycogen biopsies were 74 and 104 mg. per cent respectivelj'. 

Hematologic Changes: Following ACTH in the prolonged experiments the 
hematologic changes paralleled those observed following a single injection 
of 25 mg. of ACTH and are summarized in Fig. 18. A striking fall in circu- 
lating eosinophils was observed in the two indixdduals in whom they were 
studied by direct count. Following the withdrawal of ACTH, there was a 
prompt return to normal. In patient M.R. a prolonged and sustained fall 
in circulating lymphocjdes was observed (Fig. 18) ; whereas patient J.W. 
and normal subject R.P. showed only a transitory depression with a grad- 
ual rise above preinjection levels. All three indi^^duals showed a marked 
and sustained rise in neutrophils. 
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111 patient M.F. with Addison’s disease none of these effects was ob- 
served except a slight and delayed fall in circulating eosinophils of 24 per 
cent with a prompt return to control levels after discontinuing the ACTH 
(Fig. 19). The absence of the typical eosinophil response in this patient 
correlated well with the absence of other changes and should be contracted 
with the positive changes observed in patient J.W. and summarized in 
Fig. 20. 


CHARACTERISTIC CHANGES FOLLOWING ADMINISTRATION OF ACTH 



Fig. 20 

Antibody Titer: No definite rise in circulating antibodies could be demon- 
strated following ACTH adminivStration in a small group of human sub- 
jects. 

Following the administration of a single dose of 25 mg. of ACTH to two 
patients with latent syphilis no increase in the titers of a specific floccula- 
tion test (Hinton) was observed. No change in the titer of typhoid anti- 
bodies was noted in a patient given 25 mg. of ACTH who had been im- 
munized one year pre\dously. No response was obtained following ACTH 
(single dose of 25 mg.) in the titer of mumps antibodies as determined by 
the complement fixation test in a patient who had had mumps several 
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years; previously. An attempt was made to immunize patient AI.R. with a 
pure i)neumoeoccus Type I jiolysaceharidc, and his precipitin titer.s were 
followed during and after the six-day treatment period with ACTH (40 mg. 
daily). .-Vlthough there was a small rise in titer which per-sisted for approxi- 
mately one week following the administration of ACTH, it cannot be con- 
sidered .significant. It should be noted that in this patient there was a 
sustained depression of the circulating lymphocytes and a borderline in- 
crease in gamma globulins.*- 

CH&NGCS IN URINARY SOOrJM AND CHLORIDE EXCRETION FOLLOWffjG AOMNISIRATION OF ACTH 



Fig. 21 

Changes Suggesting Alteration in the Secretion of Desoxycorticosterone- 
Like Steroids 

During ACTH administration thei-e was a small increase in body weight 
and a striking decrease in sodium excretion in all three indi^'idllals. The 
latter amounted to 80 per cent in patients M.R. (Fig. 9) and J.W. (Fig.lO) 
and to more than 40 per cent in the normal male R.P. (Fig. 11). The 
changes in urinaiy chloride excretion paralleled those of sodium but were 
considerably less in magnitude (Fig. 21). Following withdrawal of ACTH 
there was a marked sodium and chloride diuresis in which the increased 
excretion closely approximated the total quantity of these electrohdes re- 
tained during the period of ACTH administration. It is probable that the 
changes in sodium and chloride excretion in the urine actually reflect bal- 


The authors are indebted to Dr. Joseph W. Ferrebee for carry ing out some of the 
immunological studies reported. 
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ance changes, since in two patients a study of fecal chloride excretion 
showed only insignificant changes during the period of AGTH administra- 
tion. The prompt, reduction in sodium excretion with AGTH treatment, 
the magnitude of the change, and the “rebound” phenomena during the 
withdrawal period are analogous to changes observed with synthetic des- 
oxycorticosteronc treatment (72). This analogj'^ is further supported bj' 
the transitory increase in urinary potassium excretion which occurred in 
all three individuals in association with sodium and chloride retention 
which greatly exceeded the relative quantities of nitrogen and inorganic 
pho.sphorus excreted during the same period. 

Changes in the serum level of sodium, chloride, and carbon dioxide com- 
bining power were followed throughout the experimental periods (Table 
14). There was a tendency for serum carbon dioxide combining capacity' to 
be increased at the expense of chloride, a change similar to that observed 
in certain patients \\nth Cushing’s sjmdrome (14). 

It is conceivable that increased adrenal androgen secretion might have 
contributed to the over-all retention of sodium and chloride (68), although 
with substances such as testosterone, potassium, inorganic pho.sphorus, and 
nitrogen are retained in addition to sodium and chloride, and the shifts in 
electrolyte balance are not nearly so rapid nor so great as those observed 
with desoxycorticosterone. 

The retention of sodium and chloride which occurred with repeated in- 
jections of AGTH is to be contrasted with the increased excretion which 
was observed during a four-hour period following the single injection of 
25 mg. of AGTH. "S^Tiether the increased sodium and chloride excretion 
observed in the short experiments reflects a preponderant secretion of 17- 
oxysteroids during the early phase of the increased adrenal cortical secre- 
tory activity cannot be stated at this time. 

Patient M.F. with Addison’s disease .showed neither a significant sodium 
and chloride retention during four days of AGTH administration (40 mg. 
per day) nor a rebound sodium and chloride excretion follondng withdrawal 
of AGTH. 

To determine with greater certainty that contaminating substances were 
not responsible for the retention of sodium and chloride, patient AI.R. was 
given one unit of pituitrin as a substitute for 2.5 mg. of AGTH everj^ six 
hours at a time when this patient was showing sodium and chloride reten- 
tion under the influence of AGTH. On this regimen sodium excretion in- 
creased w'hile the urine volume remained essentiallj’^ the same, demonstrat- 
ing that quantities of posterior pituitary extract much larger than those 
contained in the AGTH w’ere not primarily responsible for the sodium and 
chloride retention observed in patient M.R. This was further corroborated 
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by studies on the normal male. subject R.P. who was given pituitrin, two 
units intramuscularly every six hours, following a control no-treatment 
period. No retention of sodium occurred over a thi-ee-day period with pi- 
tuitrin in contrast to a 40 per cent retention of sodium with ACTH con- 
taining approximatelj'^ one-half this quantity of pituitrin. 

These findings taken together suggest that the marked sodium retention 
which followed ACTH administration in the presence of adequate adrenal 
response was probably mediated through the liberation of desoxycorti- 
costerone-like factors. 


DISCUSSION 

The ACTH preparation used in this stud}'^ proved to be physiologicallj'^ 
active as indicated b 3 ^ the marked hematologic and metabolic changes 
which were observed following a single dose of hormone as well as after 
prolonged administration. The fact that the magnitude of the response did 
not change with repeated administration of the hormone at two to three 
week intervals suggests that antihormone formation had not taken place 
in these relatively short-term experiments. Continued or repeated stimula- 
tion by ACTH or adrenal cortical hormone administration, however, 
tended to diminish the responsiveness of certain end organs. This condition 
appears to be similar to that observed by Page al. (3) in hj^pophysecto- 
mized rats made hypertensive with ACTH and should be differentiated 
from inactivity due to antihormone formation. 

Dougherty and White (23) established the lympholytic action of adrenal 
cortical secretions by demonstrating the activity of ll-17-ox3^steroids in 
adrenalectomized mice and of ACTH in intact animals. These findings 
were subsequently shown to apply to man by Thorn et al. (70), Hills ei al. 
(33), and by Darrow and Heilman as cited by Dougherty and White (21). 
Nordenson (49), however, failed to demonstrate any hematologic changes 
whatsoever following the' administration of ACTH in the human. 

In an earlier report (70) the authors observed that the fall in circulating 
eosinophils was more pronounced and more consistent following the ad- 
ministration of ACTH than was the change in lymphocytes. Furthermore, 
with continued administration of ACTH the eosinophil level remains low 
throughout; whereas the lymphocytes tend to rise after an initial depres- 
sion. It is possible that the more precipitous and sustained fall in circulat- 
ing eosinophils as compared to lymphocytes is due to the relatively small 
body reserve of the former in contrast to the large quantity of lymphoid 
tissue. Thus, with the elaboration of a given amount of hormone, it might 
be possible for lymphoid tissue to compensate more effectively for an initial 

depletion of circulating lymphocytes. 

Neither a fall in circulating eosinophils nor in lymphocytes was ol)- 
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served in patients ^vith Addison’s disease given ACTH. Compound F, 
however, had a very specific effect in producing these changes. Compound 
A and desoxycorticostcrone Avere inactive in the dosage used. 

The site and the mechanism of eosinophil and lymphoid destruction has 
not been establi.shed in the human. The authors’ observations .suggest that 
neither the spleen nor the thymus is responsible for the destruetion of 
circulating eosinophils and lymphocytes. By analogy with animal work the 
site of lympholysis probably lies within the fixed lymphoid tissue (22). 

In accordance with the findings of Dougherty and White in mice (23) 
the neutrophilia following ACTH administration in man was found to be 
partly nonspecific, the magnitude of change in patients Avith Addison’s 
disease being approximately one-half that observed in normal subjects and 
patients Avith adequate adrenal reseiwe. 

The hematologic changes observed folloAving the injection of ACTH, 
characterized by a fall in circulating lymphocytes and eosinophils Avith a 
rise in neutrophils, appear to be similar to the blood picture described by 
de la Baize el aJ. in patients AA'ith Cushing’s syndrome (7). 

In the experiments reported, 17-ketosteroid excretion folloAA'ing ACTH 
increased to high normal IcA'els and Avas accompanied by clinical eAudence 
of increased androgen secretion.''’ 

A five to tenfold increase in 11-oxy.steroid excretion Avas obserA'ed, rising 
to leA’els comparable to those found in patients Avith Cushing’s SAuidrome 
(65). Marked metabolic changes accompanied the increased excretion of 
these steroids. 

There Avas a consistent increase in the urinary excretion of uric acid; 
whereas total nitrogen excretion rose in only one of the three patients 
studied. The discrepancy between the effect on the excretion of purines as 
opposed to that of nitrogen closely parallels the findings of Babad in rats 
treated with whole adrenal cortical extract (6). It also confirms the preAu- 
ous findings in man (30) that 11-oxysteroids tend to increase urinary uric 
acid irre.spectiA'e of the changes in total nitrogen excretion, a fact also noted 
bj" Pincus under conditions of stre.ss (53). Since the maximum increase in 
uric acid production coincides Avith the greatest depression of circulating 
lymphccj-tes, it appears probable that the origin of the uric acid lies in the 
nuclear material of the lymphoid tissue. It is unlikeH that the eosinophils 
contribute material^" to the total increase in uric acid because of their small 
number and relatiA'^ely low content of nucleoprotein. 

Changes in carbohydrate metabolism included a rise in fasting blood 
sugar leA^el and liA'er glycogen content. The oA’’er-all increase in endogenous 

It is recognized that 17-ketosteroids estimated by the Zimmerinann reaction may 
include 3 and 20-ketosteroids as well. This is made unlikely under the conditions of 
these experiments by the findings of Alason et al. (47). 
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carbohydrate formation and decreased utilization were similar to the 
changes found by Ingle ei al (35) and Bennett and Li (9) working with 
foiced-fed and diabetic rats respectively. The soiu’ce of the additional carbo- 
hydrate in man remains obscure. 

A lowered serum albumin with a variable rise in globulin has been de- 
scribed in patients wdth Addison’s disease (48) and in adrenalectomized 
animals (32, 39). This pattern in man was reversed by the administration 
of whole adrenal cortical extract. In rats with intact adrenals Li ei al. (42) 
have recently'' shown a rise in serum albumin with a reciprocal fall in globu- 
lin following the administration of ACTH. These changes are comparable 
to those observed in patient M.R. in the present stud 3 ^ 


Table 15. Action of Steroids on Renal Excretion 
OF Sodium and Potassium 


Types of Steroids 

Predominant action on the kidne}’’ 


Sodium 

Potassium 

Desoxycorticosterone “salt hormone” 

Retention 

Increased Excretion 

11-17-oxysteroids “S” hormone 

Increased Excretion 

1 

Increased Excretion 

Androgens “N” hormone 

Retention 

Retention 


White and Dougherty (77) reported an increase in gamma globulin and 
antibody titer following ACTH administration in rabbits. Li and Rein- 
hardt (42) have failed to confirm these observations in rats. In the present 
study the authors obtained no significant increase in gamma globulin in 
two human subjects treated from four to six days with repeated injec- 
tions of ACTH in spite of greatly increased 11-oxysteroid secretion. 

In addition to the evidence of increased elaboration of androgens and 
1 1-oxysteroids following ACTH administration, a rise in the secretion of 
desoxycorticosterone-like factors wms suggested by a marked sodium and 
chloride retention followed by a “rebound” excretion upon the withdrawal 
of ACTH. There was a definite variation in the degree of sodium retention 
in different subjects. 

It is well established that the predominant action of desoxycorticos- 
terone on electrolyte metabolism consists of sodium retention with in- 
creased potassium excretion (72) and that the administration of 11-17- 
oxj^steroids induces increased excretion of both sodium and potassium (69) ; 
whereas the androgens effect a simultaneous retention of both sodium and 
potassium along with phosphorus and nitrogen (68). On the basis of the 












Jauunrti, 


riTl'lTAHY AnUKXOCOirncOTHOIMX 


57 


(lifTorcnlial olTccf of thoso ihiTo types of steroids on the renal exeretion of 
sodium and potassium, it shoidd he jmssihle to deduce the type of adrenal 
cortical hormone activity j)rodominating at a given time (Table 15). For 
example, the retention of sodium in the presence of increased excretion of 
potassium indicates excess desoxycorticosterone-Iike action; whereas the 
increased excretion of both sodium and potassium is compatible only with 
predominant 1 1-17-oxysteroid aedion: conversely the retention of sodium 
and potassium suggests a predominance of aiulrogenic acti\'ity. 

It is of interest to note that following a single injection of ACTH a 
diuresis of sodium, potassium, and chloride was consist entl}' obser\'ed as 
related to endogenous creatinine excretion. These changes .suggest a pre- 
dominant 11-oxystcroid effect. In contrast, the retention of sodium and 
chloride in the long-term experiments favons an over-all predominance of 
aetion of desoxycorticosterone-like factors. Variations in the degree of 
sodium retention might also be explained on the basis of these postulates. 

The preparation of .-VCTH used in the present studies was not an homog- 
enous protein as was the case with Li’s material emploj^ed by Mason et al. 
(47), although its adrenocorticotropic activity as measured bj^ assay on 
hypophysectomized animals was of the same order of magnitude as that of 
Li's preparation. Whereas the authors’ findings of increased urinarj’^ excre- 
tion of adrenal steroids with ACTH administration are full}- confirmed by 
the findings of Mason el al. using Li’s preparation, the absence of any sig- 
nificant hematologic and metabolic changes in the latter experiments are 
at variance -unth the authors’ findings. Of particular note is the complete 
absence of sodium and chloride retention in their .studies. The apparent 
discrepancies between the two groups of experiments could be due to one 
of several possibilities: 

1) That contamination in the preparation used in the authors’ studies 
might have been respon.sible for the profound fall in renal excretion of 
sodium and chloride. Control experiments indicated that the posterior pi- 
tuitaiy contaminants could not be indicted, although the pos.sibility that 
some as yet unrecognized contaminant exerted this effect has not been 
ruled out. The absence of any significant response in patients with Addi- 
son's disease makes this rather unlikely. 

2) That the choice of patients might have conditioned the response. It 
is unlikely that this was the only factor, since a positive response was ob- 
served in ^hree t 5 'pes of indi\dduals, a young normal male, a middle-aged 
pituitary-deficient male, and a young undernourished female. 

3) That the species difference in the origin of the two extracts or the 
difference in the methods of preparation might have been responsible for 
the variations in activity. 
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4) That the high degree of purification of the preparation employed by 
Li el al (41) might possibly have led to inactivation or loss of a particular 
portion of the activity of the original extract. 

The demonstration of a multiple stimulating action of ACTH involving 
the three major functions of the adrenal cortex is at variance with current 
concepts, such as Albi-ight’s (1), allocating to ACTH the stimulation of 
carbohydrate-regulating factors and to anterior pituitary luteinizing hor- 
mone the stimulation of androgenic cells of both cortex and testes. The 
authors' observations would also tend to disprove, for man at least, the 
well-documented fact that in the rat (20) desoxycorticosterone-like factors 
are produced in the glomerulosa which is itself not under pituitary control. 
This might explain also why Ingle found an increased sodium loss in rats 
given ACTH (35), in contrast to the sodium retention noted in the three 
subjects given prolonged ACTH treatment. 

The minimal response of patients Avith Addison’s disease to the adminis- 
tration of ACTH suggests that the changes brought about b}^ the prepara- 
tion used were mediated through the adrenal cortex and did not represent 
a direct action of ACTH on end organs, particularly since these patients 
proved capable of responding to direct adrenal steroid therapy. In indi- 
viduals with an intact pituitary gland it is, of course, possible that part of 
the effect observed folloAving the injection of ACTH may be due to in- 
creased adrenal steroid secretion accompanying an alarm reaction pro- 
voked by the intramuscular injection itself or by any of the constituents 
of the hormone preparation. Conclusive proof that the changes observed 
are due solely to direct adrenocorticotropic action of the material injected 
could be obtained by a study of patients with pituitary insufficiency of 
recent origin only, since animal studies have shown (45) and the authors’ 
findings suggest (Table 9) that persistence of hypophyseal deficiency for 
any appreciable period results in irreAmrsible atrophj^ of the adrenal cortex 
and hence diminished response to ACTH. Reasons for believing that the 
changes obsei’Amd in these studies were due largely to the dii’ect action of 
the ACTH preparation on the adrenal cortex are : 

1) The striking hematologic and metabolic changes following the injec- 
tion of small quantities of the ACTH preparation (10 to 25 mg.). 

2) The limited effect in normal indhdduals of relatively large quantities 
of contaminating posterior pituitary factors. 

3) The relative ineffectiveness in normal subjects of the injection of 
specifically inactivated ACTH (43).^“' 


i-* Thirty mg. of ACTH 13-10-6 was dissolved in 7.5 cc. of 0.3 M sterile phosphate 
buffer pH 7. Five-tenths cc. of 0.1 N iodine was added, and the preparation was al- 
lowed to stand at 22°C. for one hour; then 3 drops of 0.3 M sodium sulfite were added 
to decolorize the solution. At this point the denatured ACTH settled out as a fine sus- 
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The nvailability of an activo A(''ril proparalion capable; of stimulalinp 
the three iirincipal types of adrenal cortical activity shonld afford an excel- 
lent opportnnity to reprodnee and slntiy the so-called alarm reaction in 
man (59) in its peire form. 

SUMMARY 

1) -A single dose of 25 mg. of .\CTH administered intramuscularly to 
more than one hundred ])atients and normal .subjects was well tolerated. 

2) Profound hematologic, changes occurred following the injection of 
.ACTH. The maximum effect was observed within four hours after a single 
dose of hormone and was characterized by a .sharp fall in circulating 
eosinophils accompanied by a less .spectacular and less consistent fall in 
lymphocytes associated with a somewhat non-specific rise in neutrophils. 
Circulating eosinophils fell 74 per cent in fifty patients with pre.sumably 
intact adrenals. In thirty patients with well-established Addison’s disease 
the mean fall was only 4 per cent. A normal eosinophil response could be 
elicited in patients with Addison’s disease given 20 mg. of Compound F; 
whereas Compound A and desox 3 ’cortico.sterone were ineffective. 

3) A single dose of 25 mg. of ACTH was followed by an increased renal 
excretion of sodium, chloride, pota.ssium, and uric acid ; creatinine excretion 
remained constant or .decreased. The ma.ximum effect appeared \rithin four 
hours after hormone administration. For fifty subjects \rith intact adrenals 
the increase in uric acid-creatinine ratio amounted to 87 per cent; whereas 
in thirty patients wdth Addison’s disease the mean increase was only 16 per 
cent. Compound F (20 mg.) administered to patients with Addison’s dis- 
ease elicited a mean increase in uric acid-creatinine ratio of 48 per cent ; 
whereas Compound A and desoxja'orticosterone were relatively ineffective 
in this respect. 

4) A clear-cut differentiation between non-Addisonians and Addisonians 
was observed with respect to the fall in circulating eosinophils following 
the administration of ACTH, in contrast to the changes in uric acid- 
creatinine ratio which showed a considerable overlap. On the basis of these 
findings a simple clinical test for adrenal coi'tical reserve of ll- 17 -ox 5 ^ste- 
roids was standardized. Its interpretation and limitations are discussed. 

5) ACTH was administered over a period of from four to six daj's to 
three subjects under control conditions. Hematologic and metabolic studies 
indicated that all known functions of the adrenal cortex appeared to be 
enhanced. 

pension. The material was given to a human subject by intramuscular injection, and 
on the following daj' a suspension of active ACTH 32-D was administered similarly. 
Response; Eosinophils showed a 65 per cent fall -n-ith the control ACTH and only 7 per 
cent fall with the denatured material; whereas the uric acid-creatinine ratio, which had 
risen 54 per cent, rose .33 per cent. 
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a. Increased adrenal androgen secretion was suggested a rise in uri- 
narj'^ 17-ketosteroid excretion. 

b. An increase in 11-oxysteroid secretion appeai-ed probable on the basis 
of a rise in the urinary titer. Further e\ddence of increased adrenal 11- 
oxysteroid secretion was suggested by a rise in fasting blood sugar levels 
with an increase in liver glycogen in the one patient in whom it was studied, 
by a decrease in serum inorganic phosphoi’us with increased urinaiy excre- 
tion in two subjects, and by an increase in total nitrogen excretion in onlj'- 
one. A fall in circulating eosinophils and lymphocytes with a rise in uric 
acid-creatinine ratio was taken as evidence of an increased secretion of 
11-17-oxysteroids. No significant change in serum gamma globulin was ob- 
served in the two cases in which it was studied. 

c. An increased secretion of desoxycorticosterone-like factors was sug- 
gested by the striking sodium and chloride retention with increased potas- 
sium excretion and a small concurrent rise in serum carbon dioxide com- 
bining capacity. Following the withdrawal of ACTH there was a "rebound” 
sodium and chloride diuresis, closely approximating the retention pre^d- 
ously observed. 

d. A control experiment in which ACTH was administered to a patient 
with Addison’s disease in identical amounts under similar circumstances 
failed to show the changes noted above, suggesting that the adrenal cortex 
was essential for the response observed follovdng ACTH administration. 

6) The possibility existed that contaminating substances in the prepa- 
ration of ACTH used in these studies might have acted as a nonspecific 
stimulant to the anterior pituitary and to the adrenal cortex. Control ex- 
periments with posterior pituitary extract, the major known contaminant, 
indicated that this factor could not have accounted for changes comparable 
in magnitude to those observed following the administration of ACTH. 
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CLINICAL ABSTRACTS 

R. P., P.B.B.H. i6AlG9 

A twent 3 ^-one- 3 ’’ear old single male medical student in perfect health. 

P.H. is negative. . • 

P.E.~A somewhat obese jmung man with normal secondary se.\- characteristics. 

Blood pressure 138/90 mm. Hg, temperature 98°, pulse 80, respirations 20. 
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Lahoratorij fiiiditigs entirely normal. Twenly-four-liour 17-ketosteroicl excretion S.4 
mg.; 11-oxy. steroid excretion 0.22 mg. 

M. n., P.B.B.H. iliSGSJi. 

P.JI. This forty-six year old married male had suddenly dcvclojrcd polyuria, jioly- 
dipsia, and headache following a brief febrile episode some two years before the present 
admission. There was symmetrical diminution in visual fields. This was followed by loss 
of libido and gradual disappearance of body hair and other secondary sex characteristics 
and increasing weakness. There also was a history of gallbladder disease. 

P.E. on pre\'ious admission one year before the present study revealed blood pressure 
110/74 mm. Hg, temperature 94°, pulse 120, respirations 20. The patient was a well- 
developed, middle-aged white male. The skin was lemon-colored and of extremely fine 
texture, smooth and dry. There was complete absence of body hair, and both prostate 
and testes were very small. The thyroid could not be felt. Tlie heart was small to percus- 
sion. 

Lahoralory findings: Average daily urine output 3000 cc., reduced by small amounts 
of pituitrin. Normal kidney function tests. Twenty-four-hour 17-ketosteroid excretion 
2.4 mg. Visual fields showed moderate peripheral constriction. X-rays of the skull re- 
vealed a ballooning of the sella turcica, which measured 16X1S mm. There were no 
signs of intracranial pressure. Air encephalograms failed to show any other signs of a 
localizing lesion. -A.n electroencephalogram revealed slow waves without any focus. The 
heart was 17 per cent below the normal average. X-rays of the gallbladder revealed 
cholelithiasis. 

Treatment: The patient was given X-ray treatment to the sella turcica through three 
portals, 250 “r” per day in rotation, recei\-ing a total of twelve treatments or 3000 “r.” 

Follow-up unthin three months revealed a decided decrease in pohniria and polj'- 
dipsia. At the end of six months the urine output was approximately normal. The patient 
noted an increase in strength, there was a slight return of body hair, and the patient had 
to shave first once and then tudee a week. The xnsual disturbance cleared up completely 
in short order. 

The patient re-entered the hospital one year later to have a cholec 3 'stectomy and was 
then subjected to the studies reported in -this paper. On this admission the X-raj- of the 
pituitarj' fossa showed no changes from that observed a j-ear ago. The 17-ketosteroid 
excretion was 1.9 mg. per daj-, and the 11-oxj'steroid excretion was found to be 0.25 
mg. per daj'. A Kepler-Power water test gave an A value of 17, which made this test 
strongly positive for adrenal cortical insufficiency. The B.M.R. was minus S. Total 
cholesterol was 295 mg. per cent. 

Diagnosis: Chromophobe adenoma of the pituitarj' ndth diabetes insipidus and mild 
anterior pituitarj' deficiency. 

Cholelithiasis 

J. 17., P.B.B.H. §5A60. 

P.H. This fifteen-j'ear old girl entered complaining of weight loss of twenty-two 
pounds in six months, amenorrhea, anorexia, and fatigue. She had received repeated 
X-raj’s treatments for congenital hemangiomata in the past. 

P.E. Blood pressure 120/70 mm. Hg, temperature 98°, pulse 76, respirations 20. A 
verj' thin girl in no distress. Skin diffuselj' tanned with some definite areas of brown pig- 
mentation. There was a large hemangioma extending from the left back to the left upper 
abdomen. ^Moderate generalized adenopathj'. Liver palpable one finger breadth below 
the costal margin. Heart small. 
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Laboratory findings essentially normal with the exception of a loAv twenty-four-hoi 
17-ketosteroid excretion of 2.3 mg. and an 11-oxysteroid excretion of 0.55 mg. T1 
B.M.R. was minus 26 per cent of normal. 

Course: Although the patient showed a normal response to the ACTH test for adren: 
cortical reserve she was given a course of desoxycortico.sterone injections, 5 mg. per da; 
On this regimen she gained weight and felt better than on interspei'sed periods wit 
placebos. On a high caloric diet, her appetite improved, and she gained weight. 

Diagnosis: Anorexia 

? Mild adrenal insufficiency 

M.F., P.B.B.H. fKG0760. 

P-H. This fortj''-nine- 3 ’’ear old housewife with Icnown Addison's disease for six year 
entered with a storj'' of weakness, anorexia, increasing pigmentation, and loss of pubi 
hair. She had been treated with three 125 mg. pellets of desoxycorticosterone acetati 
implanted once eveiy year. Soon after the institution of therapy a diffuse enlargement o 
the thyroid was noted, her B.M.R. was found to be plus 4 per cent and she receivec 
various types of thiouracil intermittently especially after an intercurrent bout of cardiai 
failure three years before the present admission. 

P.E. Blood pressure 180/70 mm. Hg, temperature 99.6°, pulse 71, respirations 16 
A well-developed, blue-e 3 ’-ed, fair-haired, rather large-boned woman in no distress. Skir 
showed diffuse light-brown pigmentation, marked pigmentation of elbows with a vi- 
tiliginous area over the thyroid. No axillary or pubic hair. No exophthalmos or lidlag, 
Thyroid symmetrically enlarged, firm, two and one half times normal size. Heart not 
enlarged. No murmurs. Liver palpable one finger breadth below the costal margin. 

Laboratory data: Only the following deviated from the normal: Hematocrit 38, white 
count 4,800, 34 per cent neutrophils, 60 per cent ljunphocytes, 6 per cent eosinophils. 
Protein bound iodine 3.4 gamma per cent. B.M.R. (average of three determinations) 
plus 3 per cent. Twenty-four-hour 17-ketosteroid excretion 2.8 mg. Eleven-oxj^steroids 
0.12 mg. A standard ACTH test revealed no fall in the eosinophils and a 19 per cent rise 
in uric acid-creatinine ratio. 

Diagnosis: Addison’s disease 
?HyperthjToidism 

N.B. It should be noted that a B.M.R. of plus 3 per cent represents hyperthyroidism in 
patients with Addison's disease rvho normally show a rate of minus IS per cent of 
normal. 

Miscellaneous Patients: 

The thirty -patients with Addison’s disease presented in this paper have been followed 
in the medical clinic of the Peter Bent Brigham Hospital for more than one j’^ear with the 
exception of one case. The diagnosis was established by the finding of typical pig- 
mentation, small heart size in the untreated stage, low 17-ketosteroid excretion, and the 
occurrence of intermittent typical adrenal crises in about one-half of the patients. Nearly 
all of these were treated by the subcutaneous implantation of. pellets of desoxycorti- 
costerone, and at the time of the ACTH administration most of them still had active 
implants, while a very few could no longer be considered to be deriving any desoxy- 
corticosterone from the old sites of implantation. Supplementary whole adrenal extract 
therapy was discontinued in those who were receiving it at least three days before the 
administration of ACTH. 

Fifty Non-Addisonians: A group of ten entirely normal subjects as well as forty sub- 
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jocts with misccll-Ancous diseases were used. Ciisc.s suffering from renal insufficiency, 
hepatic insufficiency, or any known clinical .state which might he a.ssociated with de- 
creased adrenal cortical function were rejected. 
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FURTHER STUDIES ON THE METABOLISM OF 
THERAPEUTIC DOSES OF NATURAL 
ESTROGENS IN HUMAN SUBJECTS* 

CLAIR L. STEALY, M.D. akd BENJAMIN F. 
STIMAIEL, Ph.D. 

From lltc RrcR-Hlrahj Clinic nud Ihc. Uccs-Stcnlii Medical Rcacarch Fvnd, lAd. 

San Diego, California 

We have shown that our procedure for (he fractionation and photometric 
estimation of urinar}* estrogens (estrone, estradiol, and estriol) (7, 8) is 
capable of jdelding quantitative information regarding the interconversion, 
destruction and elimination of single therapeutic doses of the natural estro- 
gens in (a) a normal human female, (b) a bilaterally ovariectomized human 
female and (c) a bilaterally ovariectomized, hysterectomized human fe- 
male (9). The present report concerns estrogen studies on the human male, 
which were made to establish a basis for work of a similar nature on human 
subjects with cancer of the prostate gland. However, our data on the bi- 
laterally orchiectomized human male should prove of broader significance 
since the influence of endogenous estrogen secretion, sensitive organs, cj’-clic 
phenomena, etc. which might further complicate studies of exogenous es- 
trogen metabolism in the human female, would appear to be reduced to a 
minimum. The human male has served for isolation and identification 
studies of the urinary metabolites of massive doses of the natural estrogens 
in human subjects (2, 3, 4, 5) but quantitative data on the fate of single 
therapeutic doses of .the natural estrogens in the human male are not avail- 
able, to the authors’ knowledge. 

METHODS 

Two consecutive twenty-four hour urine specimens were collected im- 
mediately following administration of a single therapeutic dose of the 
estrogen (pharmaceutical preparations only were used). Each specimen 
was extracted and prepared for chromatography essentially as described 
by us (7) except that the residue from evaporation of the butyl alcohol was 
dissolved in 100 ml. of 1 normal sodium hydroxide and diluted u'ith distilled 
water to 250 ml, volume. Thirty ml. each of concentrated hydrochloric acid 
and toluol (Toluene, C.P.) were added and the mixture boiled under reflux 
for twenty minutes. After cooling under running tap water, the mixture 
was extracted wdth ethyl ether as pre^^ously described (8), except that the 

Received for publication Septenr.ber 30, 1947. 

* Presented before the Association for tbe Study of Internal Secretions at its 29th 
Annual Meeting, Atlantic City, Hew Jersey, June 6, 1947. 
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toluol was carried along in the ether extract. The estrogen content of each 
chromatographic filtrate fraction was calculated by means of our color cor- 
rection equation with the Kober reagent (8). A coi'rection also was made 
for the average 30 per cent loss of estriol by our procedure. 

In those cases in which separate determinations of free (unconjugated) 
and total (free plus conjugated) estrogens were carried out, an isopropyl 
ether extraction of an aliquot of the combined forty-eight hour urine speci- 
mens was substituted for the butyl alcohol extraction. The urine aliquot 
was extracted three times by stii’ring with one-third volume of isopropyl 
ether. The combined ether extract was evaporated to 300 ml. volume and 
then extracted with 1 normal sodium hydroxide as described for the hy- 
drolyzed ethyl ether extract (8). A second urine aliquot was extracted with 
butyl alcohol, hydrolyzed, and prepared for chromatography as described 
in this report. 

We have found that the following modification of our chromatographic 
tube improved its performance. The sintered glass disc (medium porosity) 
was sealed in the chromatographic tube (13X300 mm.) approximately 
10 mm. from the bottom end instead of in the inner joint of the modified 
adaptor. 

RESULTS 

Excretion of urinary estrogens following administration of single thera- 
peutic doses of the natural estrogens to the same individual. The urinary 
excretion data from a healthy bilaterally orchiectomized man, aged forty- 
seven years, is summarized in Table 1. At least one week intervened be- 
tween tests. It must be emphasized that our utilization of a color correction 
equation for the Kober reagent in urine with low estrogen content imposes 
an uncertainty factor of plus-minus 7 micrograms of estrone, plus-minus 10 
micrograms of estradiol, and plus-minus 5 micrograms of estriol per twenty- 
four hour urine specimen (8) . In view of this limitation on the accuracy of 
our estrogen titers, many of the percentage distribution figures in Table 1 
(a-estradiol benzoate and dipropionate) can be only approximate, and in a 
few instances, such as that of ethinyl estradiol, are unwarranted. Further- 
more, our interconversion or iccovery data from the equine estrogen mix- 
ture (Urestrin gelatin capsules, Upjohn) and the equine conjugated estro- 
gen mixture (Premafin tablets, Ayerst) cannot be utilized for any quanti- 
tative conclusions since the composition of these impure estrogenic mix- 
tures are unknown to us. We have not included in Table 1 oui’ estrogen ex- 
cretion data from the administration of 1.92 mg. of estriol (oral) since there 
was no discernible conversion to estrone or estradiol. The estriol was recov- 
ered in the urine, however, in 20 per cent 3 deld during the forty-eight hour 
post-ingestion period. As indicated by the data in Table 1, stilbestrol, 10.0 



Table 1. Urinaby Estrogen Excretion Data on a Bilaterally Orciiiectomized 
^Ian Folloiving Single Tiierateutic Doses of the Natural Estrogens 


Estrogen 

administered 

Dose 

ing. 

Urinary 

frac- 

tion* 

Estrogen I 

First 

24 

hours 

Excretion 

Second 

24 

hours 

Total 

Per- 

centage 

distri- 

bution 

a-cstradiol (tablets) 

2.0 

0 

172 

12 

1S4 

G5 


(oral) 

D 

GO 

4 

G5 

22 



T 

20 

IG 

3G 

13 




252 

32 

2S5 


a-estradiol benzoate 

l.GG = 

0 

20 

23 

43 

56 


1.2D 

D 

9 

3 

12 

16 



T 

9 

13 

22 

2S 




3S 

39 

77 


a-estradiol dipropio- 

2.5 = 

0 

11 

14 

25 

37 

nate 

l.SD 

D 

S 

17 

25 

37 



T 

G 

12 

IS 

26 




25 

43 

GS 


Ethinj'l estradiol 

1.0 

0 

3 

2 

i 



(oral) 

D 

0 

-5 





T 

2 

1 






5 

—2 



Estrone in oil 

2.0 

0 

106 

40 

146 

5S 



D 

24 

12 

36 

14 



T 

34 

37 

71 

2S 




164 

S9 j 

253 


Estrogen mixture 

10,000 

0 

61 

S 

69 

71 

equine 

I.U. 

D 

9 

3 

12 

12 


oral 

T 

9 

7 

16 

17 




79 

IS 

S' 


Estrogen mixture 

5.0** 

0 

95 

17 

112 

30 

conjugated equine 

(oral) 

D 

130 

2S 

15S 

43 



T 

70 

2S 

9S 

27 




295 

73 

36S 


Stilbestrol 

10.0 

0 

4 

1 

0 

4 



mg. 

D 

0 

S 

S 



(oral) 

T 

4 

0 

4 





S 

s 

16 



* 0— Estrone; D— Estradiol; T— Estriol 
** Expressed as sodium estrone sulfate. 
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mg. orally, is not excreted in forms which react with the Kober reagent. 
This observation opens up promising possibilities for the study of endog- 
enous estrogen excretion in the pregnant female under treatment with 
stilbestrol. 

Comparison of urinary estrogen excretion following intramuscular injec- 
tion and oral administration of a-estradiol. Table 2 summarizes the urinary 
excretion data on a normal man following treatment with a 2.0 mg. dose of 
a-estradioP (a) by intramuscular injection (in oil) and (b) by oral ingestion 
(tablets). There was rapid absorption of a-estradiol by both routes as indi- 
cated by the high excretion level during the first twenty-four hours follow- 


Table 2. Comparison of Urinary Estrogen Excretion Following Intramuscular 
AND Oral Administration of a-EsTRADioL to a Normal Man 



! 

Urinary 

Estrogen excretion 



Per- 

Estrogen 

Dose 

frac- 

First 

Second 

Total 

centage 

administered 

mg. 

tion* 

24 

24 



distribu- 



1 

hours 

hours 



tion 

a-estradiol 

2.0 

0 

141 

34 

175 


55 

in oil 


D 

85 

15 

! 100 


32 


i 

T 

24 

17 

41 


13 




250 

1 66 


316 


a-estradioI 

2.0 

0 

234 

23 

257 


65 

(tablets) oral 

1 

D 

67 

14 

SI 


20 


i 

T j 

33 

26 

59 


15 




334 

63 


397 



* 0 — Estrone; D — Estradiol; T — Estriol. 


ing treatment. Furthermore, absorption from the digestive tract appears 
to be on a higher level as judged by the excretion levels, in contradistinc- 
tion to the generally recognized low level of estrogenic effect by this route. 
Obviously there are other factors besides absorbability which govern the 
tissue response. Inactivation by degradation to less estrogenically active 
forms does not seem to be remarkably different for the two routes, as 
judged by the lack of any significant variation in the percentage distribu- 
tion values. ^ j . . 

Comparison of urinary estrogen excretion data following administration 

of single therapeutic doses of the natural estrogens to male patients with 
and without extensive liver damage. Some data from a preliminary study 

'i The a-estradiol in oil used in this ivork was kindly furnished us by the Sciicring 
Corporation. 
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of the effect of extensive liver damage on the metabolism of therapeutic 
doses of the natural estrogens in human subjects is presented in Table 3. 
In these studies the two consecutive twentj-’-four hour urine specimens were 


TaBLK 3. COMPAUISON OF UniNAIlY Estiiogex Excketiox Foi-eowixg Admixistratiox 
OF Single TiiEUAFEimc Doses of the Natural Estrogens to Male 
Patients with and without Extensive Liver Damage 


Case ^ 
no, j 

Estrogen 
adn in- 
istcred 

1 

Hydrol}'- 

sis 

Urinari" 

fraction* 

Estrogen 
excretion 
per 4S hrs. 

Percentage 

distribution 

It 

2 .0 mg. 

No 

0 

15S 


69 


estrone 


D 

70 


31 


in oil 


T 

0 

228 

0 

1 


Yes 

0 

190 


66 


2 .0 mg. 


D 

82 


28 


estrone 


T 

17 


6 


in oil 




289 


1 

2.0 mg. 

No 

0 

538 


71 


a-estradiol 


D 

202 


26 


(oral) 


T 

22 

762 

3 

1 

2 .0 mg. 

Yes 

0 

478 


69 


a-estradiol 


D 

178 


25 


(oral) 



42 

698 

6 

1 

n 

2 .0 mg. 
estrone 

No 

0 

D 

Gl 

2; 

1 First 24 hr. specimen 

1 


in oil 


T 

Oj 



2 

2.0 mg. 

Yes 

0 

144 


46 


estrone 


D 

69 


22 


in oil 


T 

103 

316 

32 


* 0 — Estrone; D — Estradiol; T — Estriol. 
t Extensive liver damage (Laennec’s cirrhosis). 

X Bilaterally orchiectomized male with no evidence of liver damage. 


combined and the total fort 5 ’’-eight hour estrogen excretion titers before and 
after hydrolysis were determined, using separate aliquots of urine. Thus ive 
have an index to the extent of estrogen conjugation as well as interconver- 
sion and elimination in the presence of liver damage. The seeming paradox 
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in the a'-estradiol stiidj'' of gi'eater recovery of excreted estrogens before 
than after hydrolysis arises no doubt, in part at least, from the destructive 
features of the hydrolytic process. For comparison, v e have included data 
from a similar study on a patient with bilateral orchiectomy for cancer of 
the prostate, but with no clinical evidence of liver damage. In this study 
the first twenty-four hour urine specimen was first extracted with isopropyl 
ether and then re-extracted AA-ith butyl alcohol. Each extract AA^as treated as 
described under “Methods.” 


(a) Estrone (1000 mlcro:;rnm 0 ) 


Percentage of Estrone eluted by sucooaslve volumes of 20!^ methanol-benzene 

20 ml. fractions 

10.0 ml 
f ract ions 

10,0 

ml 

ben- 

zene 

10.0 ml. fractions 

20.0 ml. 
f ra ct 1 ons 

B 


3 

B 

S 

6 

B 

e 

9 

10 

11 

12 

13 

14 

■ 

B 

37.5 


9 

6.5 

B 

2.5 

fl 

B 

fl 

n 


IB 

Eatrone eluted 87. 5# 


Estrone eluted 10,9^ 

Efltrone elated 9256 


(3) cf-eetradlol ( lOOOml crograms ) 

Percentage of £f-estradlol eluted by successive 
volumes of 2.056 mothanol-benzone 

5/6 metha- 
nol benzene 

40 ml, 
f racti ons 

2P.0 

ml. 

frac- 

tion 

10,0 ml. fractions 


20.0 

ml. 

f rac- 
t Ion 

100.0 

ml. 

frac- 

tion 

20.0 

ml. 

frac- 

tion 

B 

2 

3 

B 

S 

6 

B 

8 

9 

10 

11 

12 

13 

14 

B 

IB 

m 


2.4 

3.3 


B 


B 

Bll 

11.0 

51.0 

1.2 

Estr 

sdlol 

s.o^ 

100 mi, addition 2^ aetbanol-beniene 41,0^ 

51.0 

1.2 


Fro. 1. Distribution of Ctystalline Estrogens Added to Plienolic Residues from 
24-Hour Urine Specimens (man) Just before Chromatography (A) Estrone (1000 niicro- 
grains), (B) a-estradiol (1000 inicrograins). 

Distribution of crystalline estrogens added to residues from twenty- 
four hour urine specimens (men) just before chromatography. We previ- 
ously have shoAAm by chromatographic filtrate distribution studies (1) 
that our liquid chromatogram technique accomplishes satisfactory disper- 
sion of ternary mixtures of crystalline estrone, a-estradiol, and estriol so 
that it may be utilized for quantitative fractionation of estrogen mixtures. 
We noAV report tAVo chromatographie distribution studies of single estro- 
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gens (estrone and a-estrac^ol) in the presence of the essentialh' estrogen- 
free pheTioUc-like residue from twenty-four hour urine specimens from men. 
Figure 1-A shows the percentage distribution of 1000 micrograms of crys- 
talline estrone in a liquid chromatogram which was extensively developed 
with consecutive additions of 2 per cent methanol-benzene. The presence 
of the phenolic residue appears to impose no unusual alteration in the cus- 
tomary distribution pattern. That is, the first 20 ml. filtrate fraction is 
estrogen-free and the succeeding SO ml. contain S7.5 per cent of the es- 
trone which was added to the phenolic-like residue, whereas our routine 
practice of emplojdng 100 ml. of 2 per cent methanol-benzene plus 10 ml. of 
benzene elutes 92 per cent of the added estrone. Perhaps the diffuse trailing 
boundary which is typical of most chromatograms accounts for the persist- 
ence of very small percentages of eluted estrone beyond the 110 ml. mark. 
Figure 1-B shows the distribution pattern for 1000 micrograms of a-estra- 
diol in the presence of a phenolic-like residue from a twenlj'-four hour hu- 
man male urine specimen. The first 100 ml. of 2 per cent methanol-benzene 
eluent contained only 2 per cent of the a-estradiol. Successive 10.0 ml. vol- 
umes of the same eluent (for a total of 100 ml.) contained surprisinglj' small 
amounts of a-estradiol (2 to 5 per cent). However, the feasibility of employ- 
ing more extensive elution with the 2 per cent methanol-benzene eluent, 
i.e., beyond the prescribed 100 ml., with the object of obtaining more 
strictly quantitative separation of estrone and a-estradiol appears contra- 
indicated. We routinely use aliquots of our phenolic-like residues in order 
to keep the suspected estrogen content of an}' one fraction less than 500 mi- 
crograms. 

DISCUSSION 

E^’idence compiled in our studies on separate consecutive twenty-four 
hour urine specimens following single therapeutic doses of the natural es- 
trogens seems to indicate that both the oral and intramuscular routes are 
effective in delivering estrogens to the circulatory system. The conjugation 
of a-estradiol preparations for intramuscular injection so profoundl}'^ re- 
duces the rate and extent of elimination of estrogenically active forms that 
their estimation by our procedure, in 1 to 2 mg. doses, is of questionable 
value. It is surprising in this respect that the administration of 1.0 mg. 
of ethinyl orallj' leads to no measurable recovery in the fortj'-eight hour 
urine, of estrone, estradiol, or estriol. 

Although w'e can draw' no conclusion regarding interconversion from our 
orally administered estrone preparations because of their indefinite com- 
position, there is unmistakable e^’idence of their ready absorption in both 
free and conjugated forms. It must be remarked that the high urinar}' titer 
of the estradiol fraction of the conjugated estrogen mixture (Premarin) 
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gave an atypical initial color (pink) with the Kober reagent. This same 
atypical Kober color has been obtained after subjecting aqueous solutions 
of the tablets to our procedure for fractionation and photometric estima- 
tion of urinary estrogens. It is similar to the initial Kober reaction ob- 
tained with equilin and equilenin and may therefore indicate the presence 
of these compounds in the estradiol fraction. Of the pure estrogen prepa- 
rations investigated, only a-estradiol and estrone in oil yielded amounts of 
excreted estrogens suitable for fractionation and photometric estimation 
by our procedure. 

Our preliminary observations on the capacity of the human male to 
metabolize exogenous estrogens in the presence of extensive liver damage 
clearly indicate that there is no impairment of the capacity for reversible 
estradiol to estrone interconversion. There is greatly reduced capacity to 
convert administered estrone and a-estradiol to estriol and almost complete 
failure of the capacity to conjugate these estrogens. As indicated by the 
data in Table 1, the excretion levels for intramuscularly injected estrone 
fall within normal limits, Avhereas the excretion levels for orally ingested 
a-estradiol appear to be from 2 to 3 times greater. These observations of 
exogenous estrogen metabolism in the presence of extensive liver damage 
in the human male in general parallel those of Schiller and Pincus (6) in 
their work with partially hepatectomized rats. However, they reported 
that the capacity to conjugate estrogens is not present in the normal male 
rat under any circumstances. Glass et al. (1) have reported an almost com- 
plete loss of capacity for conjugation of exogenous estrogen by male pa- 
tients with extensive liver damage but have also reported an almost (83 to 
86 per cent) complete recovery of estrogen on an activity basis. 

SUMMARY 

The human male metabolizes therapeutic doses of the natural estrogens 
in a manner similar to the bilaterally ovariectomized hysterectomized hu- 
man female. Estriol apparently is not converted to estrone or estradiol, 
estrone and a-estradiol are partially interconvertible, and injection of either 
leads to excretion of estriol also. The nature and amount of the estrogen 
excreted is influenced by (a) the vehicle in which the hormone is ad- 
ministered, (b) the route of administration, and (c) the nature of chemical 
conjugation of the administered hormone. Extensive liver damage does not 
prevent the reversible interconversion of estradiol and estrone but does 
greatly reduce the conversion of either to estriol and almost completely 
eliminates conjugation of the estrogen. 
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CYTOLOGICAL CYCLE OE THE URINARY SEDI- 
MENT AND ITS PARALLELISM WITH THE 
VAGINAL CYCLE 
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From the Service of Endocrine Diseases at the Rivadavia Hosj)ita], Sociedad de 
Beneficencia, Buenos Aires, Argentina. 

B y STUDYING vaginal smears, Stockard and Papanicolaou (7) were 
the first to establish the existence of cyclic changes in the desquama- 
tion of the vaginal epithelium in the guinea pig. Subsequently, manj^ 
workers have extended these observations to other organisms, including 
the human, and have developed various technics for obtaining, fixing and 
differentially staining vaginal smears. Papanicolaou and Marshall (4, 5) have 
recently studied smears of the urinaiy sediment and were able to identify 
cancerous cells in cases with malignancy of the genito-urinary tract. Biot 
and Beltran (2) studied the relationship between ovulation and the num- 
ber of cells in smears of the urinary sediment. In related studies, the}'' found 
an increase in the number of cells in such smears from patients with pros- 
tatic cancer who were treated with estrogenic substances. Cifuentes De- 
latte (3) described a mucous zone in the vaginal trigonum of women, the 
structural characteristics of which were similar to the vaginal mucosa. This 
zone was found to undergo a series of changes with respect to age. 

The pui'pose of this paper is to describe a method which we have de- 
veloped for making satisfactory smears of the urinary sediment, and to 
describe the characteristics of such urinary smears in the various phases 
of the sexual cycle of women. These urinary studies have been correlated 
with vaginal smears obtained simultaneously from the same patients. 

MATERIAL AND METHODS 

The first morning urine specimen was centrifuged and the supernatant 
fluid discarded. The sediment was then spread with a wire loop on a glass 
slide and fixed before complete drying occurred. As the study progressed, 
the method of obtaining the urinary sediment was simplified by eliminating 
centrifugation. The morning specimen was filtered through ordinary filter 
paper. When all but a small quantity of urine had been filtered, the paper 
was pierced with a loop in order to empty the funnel completely. The in- 
ternal surface of the filter paper was then rubbed with a loop and the ma- 
terial thus obtained smeared on a slide. While the slide was still damp it 
was immersed in the fixing fluid. 

The staining technic described by Shorr (6) was used. The slide was 
Received for publication September 17, 1947. 
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dipped in alcoliol-ethcr for a few minutes and then stained with the single 
differential staining solution for three minutes. The slides were then washed 
in running water and allowed to dry. 

In order to determine the source of the cells found in the urine sediment 
in several patients two methods have been carried out. One was to obtain 
the urine directly by introducing a catheter into only the meatus, in .such 
a Avay as to collect the urine of all the urinar}* tract including the anterior 
urethra. It is important that the catheter .should not be introduced more 
than 1 centimeter into the urethra in order to collect cells from the anterior 
urethra. 

The other method was to introduce into the anterior urethra, after 
carefully washing the region, a drop of a mixture of equal parts of glycerine, 
alcohol and physiologic sodium chloride solution by means of a pipette 
and to recover that drop following a slight massage of the urethra. The 
drop was fixed and stained by the technic pre\'iously described. The 
smears thus obtained show the t3T3ical cells that will be described in this 
paper (Fig. 16). 

The results obtained with the first method indicate that the cells in the 
urine sediment arise from the urinary tract and are not vaginal cells washed 
out bj' the urinarj’’ stream. The second method shows that at least some of 
the cells which appear in the smears arise from the anterior urethra. 

RE.SULTS 

Smears of the urinarj' sediment are compo.sed of the following elements: 

(a) Crj'stals and occasional!}’- cylinders. 

(b) Bacteria. 

(c) Leukoc}’tes and occasionally erythrocytes. 

(d) Mucus. 

(e) EpitheUal cells, the morphology and staining properties of which are 
similar to those of the A^agina. 

Changes in these elements were noted in the following conditions : 

Normal prepuberal girl: The urinary smear is characterized by the ab- 
sence of mucus and leukocytes and by the scarcity of small round cells. 
These small round cells have large nuclei similar to the deep “spinous 
cells” of the A-agina (Fig. 1). 

Normal adult woman : Urinary smears from adult Avomen usually contain 
many large cells. Their nuclei are small, round and dark. The c}d:oplasm 
stains pink or pale blue. These cells closely resemble the kar}mpyknotic 
and cornified cells of the A'agina. In addition to this cell tA’pe, there are a 
feAv small, OA’al cells probably originating from the ureteral lining and 
from the kidney peh'is. There are also a fcAV hooked or elongated cells 
AA'hich might haA’^e their origin in the A’-esical epithelium (Fig. 2). The smear 
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also contains mucus and leukocytes. These latter components have been 
found on occasions when they w^ere also found in the vaginal smear (Fig. 3). 

Menopausal women: The smear of the urinary sediment from meno- 
pausal patients shows chiefly two kinds of cells. The first type of cell is a 
small, round cell containing a medium-sized, blue-staining nucleus. The 
second t3^pe is a larger cell, similar to that seen in normal, adult women 
except that it is slightly smaller in size and does not stain pink. Mucus and 



Fig. 1. Urinary sediment smear of a normal prepuberal girl. 


leukocytes are encountered in variable amounts (Fig. 4). As a whole, the 
sediment smear in menopausal patients is very similar to the vaginal smear 
(Fig. 5). In both smears, many kinds of transitional cells ranging from the 
estrogenic type to the atrophic type are found. 

Primary amenorrhea : These cases of primary amenorrhea were similar 
to those described by Albright (1) and by Varney (8) and others and were 
characterized by ovarian agenesis. The urinary sediment smear contained 
very few cells, and most of these were similar to the deep ^^spinous cells’' 
of the vagina. The smeays also contained mucus and leukocjdes (Fig. 6). 
Vaginal smears (Fig. 7) prepared simultaneously from the same patients 
showed on the whole the same features that were found in the sediment 
smear. 

Women treated with estrogens : A patient with ovarian agenesis, proved 
by biopsy examination of the ovaries, was given estradiol benzoate (120 
mg.) by implantation. The urinary sediment and vaginal smear of this pa- 
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Fig. 2. Urinary sediment smear of a normal adult woman. 


tient before estrogenic therapj' are shown in Figs. 6 and 7, respectively. 
Four days following implantation of the estrogen, the number of cells in 
the smear was appreciably increased. The size of the cells was greater and 
their medium-sized nuclei stained more intenselj’’ than before treatment. 



Fig. 3. Vaginal smear of the same normal adult woman (Fig. 2) 



so 
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Fig. 4. Urinarj’’ sediment smear of a woman during menopause. 


Mucus and leukocytes were also present in increased amounts (Fig, 8). 
Ten days after implantation mucus and leukocytes had disappeared. The 
primitive cells had been replaced by a greater number of large pink-staining 
cells containing small nuclei (Fig. 9). Vaginal smears obtained simultane- 



FiG. 5. Vaginal smear of the same woman during menopause (Fig. 4) 
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Fig. 14. Vaginal smear of the same ovariectomized patient, after 
treatment with large doses of estrogens (Fig. 13). 



Fig. 15. Urinary sediment smear of a normal adult man, 
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Fig. 12. Vaginal smear of the same ovariectomized patient, after 
treatment with large doses of estrogens (Fig. 11). 



Fig. 13. Urinary sediment smear of an ovariectomized patient, 
after treatment with large doses of estrogens. 
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Fig. 14. Vaginal smear of the same ovariectomized patient, after 
treatment with large doses of estrogens (Fig. 13). 



Fig. 15. Urinary sediment smear of a normal adult man, 
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Fig. 16. Smear obtained from the anterior urethra of a normal woman. Typical 
cornified cells of different sizes. Large basophilic cells, some with pyknotic nuclei. 
Small cells similar to the ones of the deep la 3 'ers of the vagina. 
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CONCLUSIONS 

1) A simple, rapid method adaptable to office or clinic practice, of ob- 
taining smears of the urinary sediment in women is described. The ad- 
vantages with respect to speed and convenience of the patient of the uri- 
nary smear over the vaginal smear arc oljvious. 

2) Characteristic changes in morphology and in numbers of the cells 
in the urinary sediment were related to various phases of the sexual cycle of 
women. 

3) The changes observed in the smears of the urinary sediment were 
found to parallel those seen in vaginal smears obtained simultaneously 
from the same patients. 

4) The effect of estrogens on the urinarj* smear was found to be the same 
as the effect on the vaginal smear, as indicated by studies on castrated 
patients or on patients with primary amenorrhea. 
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SOCIAL AND PSYCHOLOGICAL READJUSTMENT 
OF A PSEUDOHERMAPHRODITE UNDER 
ENDOCRINE THERAPY* 

RITA S. FINKLER, M.D. 

Newark, New Jersey] 

T he intersex individual has alwaj^s been a problem to himself and to 
his social group. Dr. Hugh H. Young’s fascinating monograph (8) 
covering all angles of the problem is a standard reference on the subject. 

Hermaphrodites are classed as pseiidohermaphrodites (male or female) 
and true hermaphrodites (those who possess functional gonads of both 
sexes). We .are here concerned with a male pseudohermaphrodite, that is, 
an individual who possesses male gonads, but whose external genitalia and 
other secondary sex characteristics are either of a female or of a mixed male 
and female pattern. Such individuals are usuallj’’ brought up as girls be- 
cause of the absence of penile and scrotal development at birth. At puberty 
partial penile or scrotal development may occiu- and puzzle the person thus 
afflicted. 

The psychological pattern of these patients may be either male or fe- 
male; the majority of male pseudohermaphrodites reported in the literature 
had female psychological patterns and insisted on the removal of the ex- 
ternal genitalia, which interfered with their courtship, marriage and a full 
expression of their feminine drives (2-7). Our patient, however, although 
brought up as a girl, had a strong male psychological pattern and could not 
make adjustments in the female role. When his true sex was determined by 
exploratory laparotomy at age 21, and proper therapy initiated there was 
marked improvement in the psychological status of the patient. 

CASE REPORT 

Case History: W.D. age 21, single, was first seen on September 23, 1944 because of 
primary amenorrhea, lack of energj’’ and endurance, attacks of tachycardia, vertigo and 
allergic tendencies. 

Family History: One brother two j^ears older than the patient was operated on several 
times for hypospadias; the mother, a nervous individual, was preeclamptic with her last 
pregnancy; two male maternal cousins (twins) are effeminate and have homosexual tend- 
encies. 

Past History: The patient had the usual diseases of childhood and numerous allergic 
manifestations. Previous operations: a left herniotom}’’ was performed in 1938, a ton- 

Received for publication July 3, 1947. 
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sillectoniy in 1944 and a giant cell tumor of the right humerus was removed in 1941. 

Physical Examination: During the first examination the findings were as follows: 
height, 71 inches; weight, 1201 lbs.; pulse S4; blood pressure 120/76 mm.Hg.; measure- 
ment from crown of head to symplu’sis pubis 34 inches; from symphysis to base 37 



Fig. 1. Patient W.D. Age 21. Before therapy. Height 71 inches. IVeight 120J pounds. 

inches (Fig. 1). A mild systolic murmur was heard in the mitral area. The sternum was 
deformed, showing e\’idence of an old rachitic process. 

The abdominal findings were normal. 

The peR-ic examination revealed the presence of an enlarged clitoris measuring 41 
cm. in length and 51 cm. in circumference; the urethra was at the base of the chtoris 
(Fig. 2). There was no scrotum; the labia were somewhat shrunken. The vaginal opening 
admitted one finger and measured 8 cm.; no pehic organs could be palpated. The rectal 
examination did not reveal any e^ddence of a prostate. There was no evidence of testes 
either in the inguinal canal or in the labia majora. The pubic hair was scanty and of a 
feminine distribution; there was scanty axillarj' hair; there was no e\’idence of hirsuties 
on the face, trunk or extremities. The voice was of a fairly deep range. 
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Although the patient had been previously treated with estrogens by the family ph 5 'si- 
cian, she strongly resented attempts to induce feminization. 

Two years previouslj’^ the patient developed an emotional interest in a girl and began 
to feel the urge to assume a masculine role in this relationship. At that time she became 
aware of the presence of an enlarged clitoris. This discovciy produced a psychic shock 
and the patient began to experience palpitations, dizzy spells, tinnitus, sudden black- 
outs, headaches, anorexia and insomnia. 







Fig. 2. Patient W.D. Note enlarged clitoris and vaginal orifice. 

Because of the patient’s strong wish to be recognized as a male, it was decided to 
carry out bio-assays, determination of 17-ketosteroids and vaginal smears in order to 
determine the patient’s true sex. The results of these studies were as follows: 1) Bio- 
assays of urine: The estrogen content in a 24-hour specimens was less than 5 m.u./L 
(normal, 5 to 60 m.u./L).^ The pituitary gonadotropin content was 12.4 m.u./L (normal, 
0 to 50 m.u./L).‘ 

1 Estrogen. A 24-hour specimen of urine was h.ydrolyzed with 50 cc. HCl, extracted 
with 250 cc. of benzene and the residue taken up in sesame oil; J cc. was injected daily for 
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2) The 17-kctosteroids in urine measured 4.5 mg. per 24-Iiour specimen (normal for 
women, 4 to 12 mg.: normal for men, 7 to 14 mg.)’ 

3) Dry vaginal smears showed an occasional small squamous epithelial cell of an in- 
fantile type. 

Bio-assay findings in other male pseudohermaphrodites have varied considerably. 
Novak (4) found the presence of estrogens, hut no pituitary gonadotropin; Rubovits 
cl al. (5) reported negative estrogen content, but positive pituitary gonadotropin; 
Alishell (3) and Witschi (7) found normal urinary estrogens and low pituitarj' gonado- 
tropin in their patients prior to bilateral orchidectomy and the reverse after the opera- 
tion. All the above mentioned patients had female psychological patterns, although at 
operation there was no e^^dence of the presence of uterus, tubes or ovaries. Our patient, 
however, had no e\-idence of estrogen production, as e\'idenccd bj' urinary bio-assay and 
vaginal smears, nor was these any evidence of feminine tendencies or mannerisms. 

Psj'chiatric conferences including analysis of dream material, carried out through the 
courtesy of Dr. Bernard Goldberg in order to determine the dominant p.sychosexuaI 
makeup of the patient, pointed conclusively to a predominant!}' masculine type of per- 
sonality. The ambitions for the most part- were for masculine pursuits — to be a physician, 
a pilot or radio operator. The patient had shown inventive ingenuity and dexterity in 
designing and modeling. The patient was valedictorian of her class in high school, was 
head of the class at Teacher’s College and took a special course in engineering. In all 
studies, work and games the patient was always the leader of the group. The ad-vice of 
the psychiatrist was to assist the patient in the strong wish to promote development of 
the male secondary sex characteristics and to assume the male status, which would be in 
harmony -nith the psychological makeup. 

The actual e\'idence of the true sex of the patient could be determined only by an ex- 
ploratory laparotomy -nith the histological section of the gonads. Since a laparotomy in- 
volves a certain amount of risk, it was decided to carry out a biological test, according 
to the recommendation of Diaz (1). In his report of a case of pseudohermaphrodism in a 
child aged 4, a therapeutic test was carried out consisting of the administration of chori- 
onic gonadotropin in a dose of 500 r.xt. twice a week for five weeks. The principle of this 
test is based upon the well known fact that the chorionic gonadotropin stimulates the 
interstitial cells of the testes and results in the production of androgens. Amdrogens, 
secreted by the testes, cause an increase in the size of the male external genitalia. This 
result was obtained in the case reported by Diaz and helped in the determination of the 
patient's sex. After conferring -with our patient, it was decided to duplicate this thera- 
peutic test using larger dosages, because of the patient’s more advanced age. A short 
course of therapy was initiated and carried out over a period of six weeks using from 
1000 to 1500 r.u. of chorionic gonadotropin every other day by intramuscular injection. 
At the end of this course of therapy the clitoris became engorged and somewhat thick- 
ened; the vagina also became more elastic, roomy and moist. This suggested that male 
gonads were present somewhere in the body and responded to stimulation -with chorionic 


3 days into adult castrated mice; readings were made by means of vaginal smears. 

’ Pituitary gonadotropin. The Venning and Brown modification of the original Zon- 
dek technic of alcohol precipitation and ether extraction was used; the residue was taken 
up in water and injected into immature mice. 

’ The determination was carried out by Dr. Konrad Dobriner of the Alemorial Hos- 
pital, New York City, using the Callow modification of the Zimmerman test -with the 
absolute alcohol method. 
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gonadotropin. The patient reported having erections from two to three times per week. 
The patient, however, was dissatisfied w’ith the progress and especially with lack of gen- 
eral constitutional stimulation and insisted that the therapy be changed to substitution 
therap 3 ’- wfith testosterone compounds. Although all indications pointed to a basically 
male individual, it was decided to obtain final proof bj' exploratoiy laparotom 3 ^ The pa- 
tient was subsequently operated on at the Brady Urological Institute by Dr. H. H. 
Young and Dr. H. J. Jewett and the following report was made: "Examination of the 
pelvic cavity disclosed an infantile testis on each side attached to the posterolateral 
pelvic wall by a vascular pedicle about 5 to 6 cm. long. Each testis was markedly hj^po- 
plastic, smooth, soft and measured about 6 cm. in its greatest diameter. There was no 
sign of ovotestis or ovarian tissue. A piece of the left testis was removed for biops 5 ^ 
No Mullerian duct remnants were seen, and nothing identifiable as tubes or rudimentary 
uterus.” 

Pathological report: "The specimen consists of one piece, which is a biopsy of a left 
testicle weiging one gram. Microscopic: Section discloses incompletety developed semi- 
niferous tubules containing chiefly Sertoli cells. There is no evidence of spermatogenesis; 
there is marked h 3 ’’perplasia of the interstitial cells. Tim peripheral portion of the section 
disclosed a dense connective tissue capsule. There was no evidence of ovarian tissue in the 
section.” 

Following the operation the patient received methyl testosterone orall 3 ’’ in a dose of 
from 30 to 40 mg. per da 3 ’^ for one month. This improved the patient’s vitality and 
spirits to a great extent and when therap 3 ’- was temporarily discontinued, the patient 
experienced a sense of letdown and asked permission to resume the therap 3 '. In order 
to achieve rapid progress in the growth and development of the secondar 3 ’’ sex charac- 
teristics, the therapy was changed to intramuscular injections of testosterone propionate 
in a dose of from 100 to 150 mg. per week. There was a further increase of pubic hair and 
muscular development but growth of the genitalia was not very marked; however, the 
rectal examination revealed the presence of a small prostate. For the sake of convenience 
and econom 3 ’', a change was made to oral medication, using meth 3 d testosterone linguets 
especially prepared for sublingual use, because of the rapid absorption and utilization b 3 '- 
this route. From 20 to 30 mg. per day was sufficient fo equal the effect produced by the 
previous therapies. Oral and injection therapies were periodically interchanged and re- 
sulted in a gain in weight of 23 pounds, deepening of the voice, appearance of light fuzz 
on the upper lip, and an increase in muscular development. There was also a definite 
effect on the external genitalia; the clitoris gradually increased in length and circumfer- 
ence; there was an increase in pubic hair and a marked improvement in vitality and men- 
tal outlook. Erections occurred from two to three times a week and a 3 ’’ellowish emission 
was noted on several occasions. 

For the sake of convenience, it was decided to change the therap 3 '^ to pellet implanta- 
tion, and on October 14, 1945, six testosterone pellets (450 mg.) were implanted. Further 
progress occurred in genital and muscular development and in the deepening of the voice. 
Although two pellets were later expelled, the favorable effects lasted four months, at 
the end of which time evidence of depletion was noted, such as a sense of physical ex- 
haustion, numbness of arms and legs, vertigo, and a decrease in the number of erections. 
The patient was advised to resume therapy with linguets in a dose of 15 mg. daily and to 
report for another implantation. The second implantation was carried out on March 4, 
1946, and 375 mg. of testosterone were implanted. At this time the patient definitely 
decided to change the legal status from a female to that of a male and to assume male 
attire. There were no difficulties in changing the legal status or the attire from the fern- 
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inino to tlio masculine, nor were there any serious difficulties in being accepted socially 
in the cominunity as a male. The transition from female to male attire was not too ob- 
vious, because the patient always wore strictly tailored suits and mannish hair comb; 
the skirt was gradually changed to slacks and a J coat; therefore, the change to man’s 



Fig. 3. Patient W.D. After testosterone therap 3 ’. 

Height 71 inches. Weight lolj pounds. 

clothes was not too abrupt. The patient expressed great relief and satisfaction in the 
change so ardentlj^ wished for in the prernous two j'ears. 

One more step remained to be achieved; a plastic operation was needed to free the 
fibrous bands which bound the clitoris-penis and prevented its development and free 
movement. This operation was carried out in ^laj', 1946. 
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Tlie effects of the hist implantation were maintained by the methyl testosterone lin- 
guets in a dose of 20 mg. per day. There was furtlier deejiening of the voice, further gain 
in weight (ISg pounds) and an increase in the lengtli and circumference of the penis 
(Figs. 3 and 4). Tliere was also the deA’^elopment of a small prostate, the size of a walnut; 
no prostate was felt on original examination, nor was it noted by the surgeons during the 
laparotomy. 



Fig. 4. Patient W.D. After testosterone therapj'- and pelvic ]aparotom 3 ^ Note 
increase in pubic liair and increase in the size of the penis. 


Psychologically there was great improvement in emotional stability, and a change 
to a cheerful and hopeful outlook on life. The patient now feels as if he has come into his 
own fold and station in life, thereby justifying our decision to cooperate with his wishes 
to change the legal and social status as well as to enhance the masculine secondary sex 
characteristics. 

His increased physical and mental energies are stimulating him now to further studies 
and achievement and it is fully expected that he will continue to make progress and im- 
portant contributions to science. He is now practically free from the original complaints 
of attacks of tachycardia, spasm of the throat and black outs. These symptoms were 
present two years prior to initiation of therapy and during the early stages of treatment. 

In November 1946 it was decided to change the therapy once more from oral medica- 
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tion to pellet implantation for the sake of convenience. Eight pellets, eaeh containing 75 
mg. were implanted at that time. 

The patient’s voice is now of a decidedly low masculine range and he reports a great 
improvement in energy and endurance in his work and studies. There is an increasing 
.sense of security and social adjustment; emotional adjustment is yet to he achieved, 
.‘ince the patient feels somewhat insecure in his new position as a male. 

SUMMARY 

This case report deals with an intensex indi\'idual, aged 21, brought up 
as a female, who failed to develop the normal secondary' characteristics of 
one sex at puberty, but whose p.sychoIogical makeup was definitel}' of a 
masculine pattern. 

He was fairly content until the age of 19, Avhen he developed a strong 
attachment for a girl and at the same time became aware of an enlarged 
clitoris. This discovery was somewhat of a shock and produced an emo- 
tional conflict resulting in .sAmiptonis of anxiety neurosis, which lasted for 
over two j^ears until a thorough investigation revealed the indi\ddual to be 
an "unfinished male.” 

The paj-’chological analj^sis re^'ealed the patient’s emotional development 
and drives to be predominately masculine, thus correlating the personality 
studies with the hormonal findings and the physical development. 

The subsequent treatment consisted of surgical procedures (laparotomy 
and later a plastic operation to free the bound down penis) and intensive 
testosterone therapy. This plan of treatment proved to be justified as the 
testosterone therapy enhanced the development of male secondarj’’ sex 
characteristics, and resulted in a marked improvement in the patient’s gen- 
eral health, energy" and endurance. Psj'^chologicall}’' there was a great im- 
provement in his outlook on fife, and the patient is now stimulated to 
further study and achievement. 

As long as therapj”^ is continued, the patient’s physical and psychological 
status continues to improve. Interruption of therapy for any appreciable 
length of time results in diminution of energj’’, endurance, and mental 
alertness. It is, therefore, e\’ident that testosterone therapy must be con- 
tinued indefinitely in order to maintain the results achieved. 
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Letter to tlie Editor 


To THE Editor: 

ESTRADIOL iMONOBENZOATE (M.B.) CRA^STALS* 

T he results in 22 patients with endocrine disorders which were treated 
in the Gpiecological Clinic, Basle, between Alay 1946 and February’ 
1947 are described. 

Treatment with estradiol nionobenzoate (M.B.) ciystals was started on 
19 women, ranging in age from 40 to 56 years; and on 3 women, 24, 33 and 
38 years of age respectively. Various medicaments had already been tried 
therapeutically on most of the women, without success. 

As compared with earUer trials, all the women, with one exception, 
tolerated the injections without any side effects such as pain or swelling at 
the site of the wound. We believe the tolerance is solely due to the tech- 
nique chosen by us for the administration of the crystals. 

After disinfecting the outside right or left buttock with alcohol and 
iodine, a deep local anesthetic (about o cc. novocaine with 1 drop of ad- 
renalin 1:1000) is injected with a long needle. In order to avoid irregular 
wound surfaces, a passage is made after the anesthetic, b}’- means of a 
puncture needle with a stilette. The stilette is then removed, and the 
syringe containing the crj’’stals is attached to the cannula. After the in- 
jection, the stilette is once more pushed into the cannula so that the 
crystals which are still clinging to the sides of the cannula, are propelled 
into the crystal depot. By this method, the wound surface remains very 
small and the greater part of the ciystals reaches the desired site of ad- 
ministration. 

With regard to the patients treated, there were 2 cases of preclimacteric 
ovarian deficiency; 4 women were in the menopause; 7 were castrated by 
roentgen ray and 9 were castrated surgically. The last gi’oup of castrates is 
particularly important, because it is just these cases that are refractorj'- to 
any kind of therapy. The tabular survey’’ (Table 1) shows the dosage and 
effect of the estradiol monobenzoate crystals in detail. All the patients 
tolerated the crystal administration well, with one exception. In this in- 
stance 25 mg. of 0.3-0.4 mm. crystals were injected and prolonged painful 
sensations and swelling occurred at the site of the wound. 

Although duration of effect was longest with a dose of 25 mg. in 0.2 to 
0.4 mm. size, no further tests as to side effects were made with this dose 
and size of cry’stals. 

Estradiol cry’stals in doses of from 10 and 25 mg. (0.2 to 0.3 mm. size) 
* From the Department of Gynecology, Basle University, Basle, Switzerland. 
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TaBI.K 1. Su.MMAllY OK C^VSKS WITH DoSAOi: AND lOlTIiCT OK lOsTICADIOI. 

IMonodknzoatk, C'uystai.s Mi:asi:uin(! kko.m 0.1 to 0.4 mm. 


Name 

Arc 

ni.'iKiiosis 

Dos.'ige 

! 

Duration of 
lOITcct 

N.P. 

i 

yr.s. 


mg. mm. 


42 

ProrlinuicJorie ovarian dofivitMiry. 

j 

10 0. 1-0.2 
25 0. 1-0.2 

10 0. 2-0.5 

10 0.5-0. 4 

No effect 

14 days 
up to 3 M'ceks 

III) to 2 months 

F.C. 

46 

Precliniacieric ovarian dcficieney. 

10 0.2-0. 5 

14 days 

M.C. 

55 

Menopau.'^e; ovarian deficieney. 

10 0.2-0. 5 

al)out 6 M’ecks 

S.G. 

52 

Menopause: ovarian deficieney. 

10 0. 1-0.2 
10 0.2-0. 5 

5 days 

al)out 12 days 

H.G. 

54 

Menoiiau.se: ovarian deficiency. 

10 0.1-0. 2 
10 0.5-0. 4 

10 0.2-0. 3 

25 0.2-0. 3 

about 10 days 

3 months 

14 days 

al)out 4 months 

G.B. 

51 

Menopause : pruritus vulvae 

10 0.2-0. 3 

about 4 ivoeks 

RE. 

' 52 

1 

' Roentgen ray castrate 

10 0.2-0. 3 
10 0.3-0. 4 
10 0.3-0. 4 

3 weeks 

5 "weeks 

6 "Weeks 

S.G. 

47 

Roentgen ray castrate 

10 0.2-0. 3 

4 M'eeks 

S.M. 

56 

Roentgen ray castrate 

10 0.1-0. 2 

2 Aveeks 

W.D. 

47 

Roentgen ray castrate 

10 0.1-0. 2 
25 0.1-0. 2 

25 0.2-0. 3 

19 days 

7 weeks 
over 3 months 

M.I. 

48 

Roentgen ray castrate 

10 0.2-0. 3 

10 0.2-0. 3 

3 weeks 
over 4 months 

R.G. 

50 

Roentgen ray castrate 

10 0.1-0. 2 
25 0.1-0. 2 

10 0.2-0. 3 

25 0.2-0. 3 

about 10 days 
about 2 weeks 

5 weeks 
over 3 months 

M.R 

24 

Surgical castrate 

10 0.2-0. 3 

10 0.3-0. 4 

3 weeks 

6 months 
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Taiii.i; 1 — {roiiduncd) 


r^ainc ; 

A}:c , 

Diagnosis 


Dosage 

Duration of 
Effect 


yrs. , 


! IF.g. 

iiiin. 

j 

R.G. ! 

53 

Surfrical castrate 

; H) 

0.2-0. 3 

. 10 (lays 

i 

1 



25 

0.2-0. 3 

up to 3 weeks 

L.G. ! 

42 ; 

Surgical castrate 

! It) 

0.1-0. 2 

Xo effect 

1 



■ 25 

0. 1-0.2 

1 A'o effect 




: 10 

0.3-0. 4 

: about 5 M'ceks 

H..I. 

51 i 

Surgical castrate 

1 25 

0.2-0. 3 

1 

; 4 weeks 

L.G. 

50 : 

Surgical castrate 

i 

. 10 

0.2-0. 3 

1 2 inontbs 




■' 10 

0.2-0. 3 

1 3 months 

j 

1 


i 10* 

0.3-0. 4 

1 33 months 

i 

; ! 


' 25* 

0.3-0. 4 j 

1 

about G months 

K.R. ' 

j 

i 50 ! 

Surgical castrate 

10 

0.1-0. 2 i 

14 days 


1 


25 

0.1-0. 2 

about 10 weeks 

J.S. 

33 1 

Surgical castrate 

10 

0.1-0. 2 

12 days 




1 25 

0. 1-0.2 j 

3 weeks 


1 


i 10 

0.2-0. 3 j 

5 weeks 

J.Z. . 

1 40 

j Surgical castrate 

10 

1 

0.3-0. 4 j 

2 montbs 

W.K. 

i 3S 

1 Surgical castrate 

10 

0.2-0. 3 ‘ 

weeks 


* Pain for 2 weeks at the site of injection. 


Table 2. Summary of Dur.ation of Effect of Estradiol Moxobenzo.ate 
Crystals jMeasuring from 0.1 to 0.4 mm. 


Number 

of 

Cases 

Dose 

Size of 1 

Crystal | 

1 

Duration of Effect in Days 1 

Remarks 

j !Min. ; 

Max. 

Average 

i 

1 

mg. 

mill. 

1 

1 1 




8 

10 

0 . 1 - 0. 2 

2 , 

14 

8.8 

2 failures 

6 

25 

0 . 1 - 0. 2 

i 5 

70 

28.8 . 

1 failure 

16 

10 

0 . 2 - 0. 3 

10 1 

90 

30.9 

no failures 

7 

25 

0 . 2 - 0. 3 

21 I 

120 

71 .4 

no failures 

9 

10 

0 . 3 - 0. 4 

35 1 

ISO 

72.1 

no failures 

1 

25 

0 . 3 - 0. 4 

1 

1 

— 

180 

no failures 
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are best suited for treatment (See Table 2). Small crystals measuring from 
0.1 to 0.2 mm. do not produce an adequate effect. The large crystals of 
0.3 to 0.4 mm. size necessitate a larger and thicker cannula. The 0.2 to 
0.3 mm. size in doses of from 10 to 25 mg. represent the most practical 
form of administration. 

The following advantages have resulted from the use of cr 3 ^stals for in- 
jections in estrogen therap}:; 

1) There are fewer injections as compared with the usual method. 

2) In contrast to tablet medication, there is the guarantee that the hor- 
mone is administered without an overdosage. 

3) It is a simpler method than implantation and the dose is better con- 
trolled. 

It can be concluded that estradiol administered in the form of crystals 
is an important addition to our therapeutic equipment. 

Charles A. Joel M.D., Ph.D. 

Lugano-Cassarate 

Villa Bellosguardos 

Switzerland 

October 20, 1947 

Book Review 


Riddle, Oscar. Endocrines and Constitution in Doves and Pigeons. Wash- 
ington, D'.C., Carnegie Institution of Washington, Department of Ge- 
netics (Pub. 572). 1947. 

This study deals primarily with tlie outcome of an attempt to isolate strains or races 
of ring doves with diverse endocrine-associated traits througli choice of 24 pairs of doves 
(from more than 200 pairs) whose reproductive performance and ancestiy were known. 
Selection sometimes continued for two generations; inbreeding was sustained. Outcrosses 
provided many hybrid types and also further tests of tlie heritability of traits. Collection 
of data from all types was continued during 24 3 'ears. Of secondary importance are re- 
lated results obtained from 12 races of domestic pigeons and from 15 derived hj’-brid 
types; from them was developed a race of hermaphrodite-producing ingeons. Excep- 
tionally abundant data were obtained on the role of sex, hybridity, and race in heat 
production. 

The primarj'- tests with doves successfulb' established races with the following traits: 
With or without sex difference in body weight; small or large th 3 'roids; long or short 
intestines; high or low response to the hormone prolactin; larger or smaller pituitaiy 
glands; eaiR'- or late sexual maturity in females; larger or smaller eggs; larger or smaller 
juvenile testes; high or low rate of heat production. Widespread genetic inequalities of 
individuals and races were thus demonstrated in this material. J\Iost of these results 
are theoretically applicable to man, and thus pro^dde cogent evidence for biological in- 
equality of human individuals, types, and races. 
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Editor; D. A. ^McGinty. Collaborators: a. n. abarbanel, f. n. akdrews, b. l. baker, 

F. A. BE LA BALZE, ISRAEL BRAM, R. A. CLEGHORX, RUCKER CLEVELAND, C. D. DAVIS, 
ANNA FORBES, M. B. GORDON, H. S. GUTERMAN, M. M. HOFFMAN, R. G. HOSKINS, C. D. 
KOCHARIAN, H. S. KUFPERMAN, H. L. MASON, JANET M'. MCARTHUR, THOMAS H. MCGAVACK, 
A. E. MEYER, K, E. PASCHKIS, A. D. PINTO, J. R. REFORZOMEMBRIVES, E. C. REIFENSTEIN, 
JR., G. G. RUDOLPH, L. T. SAMUELS. 


THE OVARIES 

Green- Arxiytage, Y. B. Silbersteix, E., and Wachtel, G.E.; The in- 
fluence of semen on the female reproductive organs, J. ObstJ-and Gjmec. 
Brit. Emp. 54 (3) ; 324-339, 1947. 

The authors found injections of semen to have a follicle-stimulating effect in rats, 
mice and rabbits. These were given intraperitoneally or intramuscularly and also intra- 
venously in rabbits. The effects were obtained with human as well as with homologous 
semen. — R.A.C. 

Snaith, L., .and Williamson, M.: Pregnancy after the menopause, J. Obst. 
and Gjmec. Brit. Emp. 54 (4): 496-498, 1947. 

A 45-year old multipara, whose menstrual periods had ceased 3 years before, became 
pregnant and was delivered of a normal child. Although she had nursed her prex-ious 
children, this time lactation failed completely. The literature of similar cases is re^^ewed. 
—R.A.C. 

\ 

Obermer', E. ; Calcium and phosphorus metabolism in pregnancy (A survey 
under war and post-war conditions). First communication on the tem- 
peramental and emotional factor, J. Obst. and G^mec. Brit. Emp. 54 (4) : 
432-442, 1947. 

This is the third of a series of communications and summarizes conclusions from all 
three. A daily minimal intake consistent with safety is held to be 1.5 Gm. for phospho- 
rus and for calcium 2 Gm. to the Sth month and 2.5 Gm. thereafter. IMost adequate diets 
supply the above amount of phosphorus but not of calcium. In Britain a supplement of 
Calciferol is essential; 6,000 units during the first 6 months and 12,000 in the last 3 for 
placid women. For the highly strung, larger quantities are said to be necessary in Aurtue 
of the influence of the endocrines and autonomic necAmus system on metabolic function 
—R.A.C. 

Karnaky, K. J.; The effect of oestrogen (Stilboestrol) on the formed ele- 
ments of the blood in women, J. Obst. and Gjmec. Brit. Emp. 54 (3) : 
366-368, 1947. 

Stilboestrol had no apparent eSect on platelet count, haemoglobin A'alue or total 
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white cell count in 163 women receiving this drug in thcrai)cutic doses over periods rang- 
ing from 1 week to a year. No purpura or other bleeding tendency was noticed. — R.A.C. 

Biggs, Rosemary and Rose, Elizabeth : The familial incidence of adrenal 
h 3 'pei’troph 3 ’^ and female pseudohermaphroditism, J. Obst. and G 3 mec. 
Brit. Emp. 54 (3): 369-374, 1947. 

Case records arc given of two female henna phi'odites horn successively to normal 
parents who already had one normal female child. Death occurred in one at G weeks; 
in the other at 4 weeks of age, with symptoms reminiscent of Addisonian crises. At 
autopsy both had adrenals twice the normal weight for that age. The reports from the 
literature dealing with the fair.ilial incidence of female hermaphroditism and the oc- 
currence of males in the same fair.ilies showing precocious puberty and male pseudo- 
hermaphroditism are detailed. — R.A.C. 

THE ADRENALS 

Wilhelm, S. F. : Roentgenographic delineation of the adrenal glands with 
the aid of laminography, Br. J. Urol. 19:85, 1947. 

The laminographic technique was found superior to simjde films for visualizing the 
adrenal glands after perirenal insufflation with air or oxygen. Seventy cases were studied 
without deaths or serious sequelae. — R.A.C. 



ANNOUNCEMENT OF THE 1948 
MEETING OF THE ASSOCIA- 
TION FOR THE STUDY OF 
INTERNAL SECRETIONS 


The Thirtieth Annual Meeting of the Association for the Stud 3 ' of In- 
ternal Secretions Avill be held in the Palmer House, Chicago, Illinois, June 
IS and 19, 194S. 

The scientific sessions will be held in the Red Lacquer Room and regis- 
tration Avill be on the fourth floor just outside the Red Lacquer Room. The 
Annual Dinner will be held in the same room on Fridajq June ISth at 7 
p. M. and nill be preceded bj^ a cocktail party, the location of which A\ill 
be announced later. 

All members of the Association who plan to attend the Thirtieth iMeeting 
are urged to make their reservations at once with the Palmer House, stat- 
ing the time of arrival and how long the}' plan to remain in Chicago . 

Nominations for awards and fellowships of the Association must be in 
the Secretary-Treasurer’s office bj' March 15, 1948. 

Those Mshing to present papers should send title and four copies of a 
comprehensive abstract of not more than 200 words and suitable for pub- 
lication in the program to Dr. C. N. H. Long, 333 Cedar Street, Ncav 
H aven, Conn., not later than Alarch 15, 1948. 




Aimomicemeiit of Awards and ■ 
Fellowsliip of the Association 

Nominations for Awards 

Thi’ee awards for meritorious work in endocrinology will be given at the 
next annual meeting of the Association. A special committee of five members 
of the Association chooses the recipients of these Awards, subject to ratifi- 
cation by the Council, and each member of tlie Association has the pri’idlege 
of making one nomination for each award. 

Nominations for the Awards should be made on special application forms 
wliich may be obtained from the Secretary, Dr. Henry H. Turner, 1200 
North Walker Street, Oldahoma City 3, Oldahoma. All nominations, accom- 
panied by a statement of the importance of the nominee’s contributions to 
endocrinology and a bibliography of Iiis most important papers with reprints 
if possible, should be sent to Dr. Turner’s office not later than March 15, 1948. 

THE E. R. SQUIBB AND SONS AWARD 

The E. R. Squibb and Sons Award of $1,000.00 was established in 1939. 
It was given in 1940 to Dr, George W. Corner jin 1941 to Dr. Pliihp E. Smith; 
in 1942 to Dr. Fred C. Koch; in 1944 to Dr. Edward A. Doisy; in 1945 to Dr. 
E. C, Kendall; in 1946 to Dr. Carl G. Hartman; in 1947 to Drs. Carl F. and 
Gerty T. Cori. No award was made in 1943. No age or special limitation is 
stipulated by the donor of the award. 

THE CIBA AWARD 

The Ciba Award, established in 1942, is given in recognition of the meri- 
torious accomplishment of an investigator, not over 35 years of age, in the 
field of clinical or pre-clinical endocrinology. In 1944 the Award was given 
to Dr. E. B. Astwood; in 1945 to Dr. Jane Anne Russell; in 1946 to Dr. 
Martin M. Hoffman and in 1947 to Dr. Choh Hao Li. The Award is for 
$1,200,00. If within two years of the date of the Award, the recipient chooses 
to use it to aid in working in a laboratory other than the one in which he 
normally is located, the Award will be increased to $1,800.00. 

THE AYERST, McKENNA & HARRISON FELLOWSHIP 

The first award of the Ayerst, McKenna & Harrison Fellowship Avas given 
to Dr. Samuel Dvosldn in 1947. The fellowship was founded in order to 
encourage investigation in the field of endocrinology rather than as an award 
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for work done. The amount of the fellowsliip is 52,500.00 annually. The nomi- 
nee must possess the degree of Doctor of Philosophy or Doctor of Medicine 
or their equivalent. It is suggested that no restriction be placed on age, but 
that preference be given to applicants who have recently completed the re- 
quirements for their Ph. D. or i\L D. degree. The nominee must present e\'i- 
dence of scientific ability as attested by studies completed or in progress 
and/or the recommendation of responsible indi\'iduals; submit a program 
of proposed study; indicate one or more institutions where the proposed 
program will be carried out; submit statement of approval from the in- 
vestigators with whom he proposes to conduct his research; serve full 
time if awarded a fellowsliip. A small amount of time (10 to 15 per cent) 
maj' be allotted for course work or for participation in teaching, the latter 
purely on a voluntary basis. 



Postgraduate Course in 
/ Endocrinology 

The Postgraduate 'Committee of THE ASSOCIATION FOR THE 
STUDY OF INTERNAL SECRETIONS, under authority of its Council, 
announces a course of lectures and demonstrations in CLINICAL ENDO- 
CRINOLOGY to be held in LOS ANGELES at the BILTMORE HOTEL, 
FEBRUARA^ 23 to 28, 1948, inclusive. 

The faculty will consist of the most prominent investigators and clinical 
endocrinologists in the various branches of the medical sciences in the 
United States and Canada. 

It is the intent of the Committee that this coiu’se be a practical one of 
interest and value to both the GENERAL PRACTITIONER AND THE 
SPECIALIST. 

A fee of $100 will be charged for the entire course and the attendance 
will be limited to 100. Registration will be in the order of checks received 
and will close on February 1, 1948. Should there be an insufficient number 
of applicants to warrant the course, the registration fee will be immediately 
refunded in full. 

Please make your application on jmur letterhead and forward, together 
with your check payable to THE ASSOCIATION FOR THE STUDY OF 
INTERNAL SECRETIONS, to DR. E. KOST SHELTON, CHAIR- 
MAN of the POSTGRADUATE COMMITTEE, 921 WESTWOOD 
BOULEVARD, LOS ANGELES 24, CALIFORNIA. 


Since satisfactory hotel accommodations are still difficult to procure on 
short notice in Los Angeles, especially during the winter season, it is sug- 
gested that all applicants MAKE THEIR RESERVATIONS EARLA^. 

SOME LARGE HOTELS IN THE METROPOLITAN AREA OF 

LOS ANGELES: 

Alexandria Chapman Park Lankershim 

Ambassador Gaylord Mayflower 

Biltmore Hayward Town House 


100 



AMERICAN ASSOCIATION FOR THE STUDY OF GOITER 
VAN iMKTER PRIZE AWARD 

The American Association for the Study of Goiter again offers the Van 
Meter Prize Award of Three Hundred Dollars and two honorable mentions 
for the best essays submitted concerning original work on problems related 
to the tln-roid gland. The Award will be made at the annual meeting of 
the Association which mil be held in Toronto, Canada, May 6th, 7th, 8th, 
1948 pro\'iding essays of sufficient merit are presented in competition. 

The competing essaj’^s maj' cover either clinical or research investiga- 
tions: .should not exceed three thou.sand words in length; must be pre- 
sented in English; and a tj^iewritten double spaced copy sent to the cor- 
responding secretarj'. Dr. T. C. Da\ison, 207 Doctors Building, Atlanta 
3, Georgia not later than Februar}’^ 1st, 1948. The committee, who will 
renew the manuscripts, is composed of men well qualified to judge the 
merits of the competing essa 3 ’s. 

A place will be reserA^ed on the program of the annual meeting for pres- 
entation of the Prize Award Essaj'- bj' the author if it is possible for him to 
attend. The essay Arill be publi.shed in the annual Proceedings of the Asso- 
ciation. This Avill not prevent its further publication, however, in any Jour- 
nal selected by the author. 

T. C. Daauson, 
Correspondmg Secretary 


AMERICAN COLLEGE OF 
PHYSICIANS RESEARCH 
FELLOWSHIPS IN 
MEDICINE 1948 

WARDS _____ 

The Board of Regents of the College, on the nomination of the Commit- 
tee on Fellowships and Awards, awarded six Research Fellowships in Medi- 
cine for the year beginning July, 1948, at their meetings in Philadelphia on 
November 22 and 23, 1947. The awards were made to the following phy- 
sicians. 

Charles Gordon Campbell, M.D., C.M., Vancouver, B. C., Can, Dr. 
Campbell attended the University of British Columbia and is a graduate 
of the McGill University Faculty of Medicine, 1945. He interned in the 
Royal Victoria Hospital, Montreal, 1945-46, and has held appointments 
in the Vancouver General Hospital as Assistant Resident in Medicine, 
1946-47, and as Fellow in Cardiology, 1947-48. Dr. Campbell will under- 
take studies of the basic physiology of certain cardiovascular problems in 
the Department of Physiology of McGill University, under the supervision 
of Professor Hebbel E. Hoff. 

Frank Herbert Gardner, M.D., San Bernardino, Calif. Dr. Gardner 
attended Northwestern University (B. S., 1941 ; M.D., 1944), He served as 
intern and Assistant Resident in the San Fi'an cisco Hospital, 1944-46, and 
as Senior Assistant Resident in the University of California Hospital, 
1946-47. Presently Fellow in Medicine in the Boston City Hospital, Dr. 
Gardner will conduct studies in the Thorndike Memorial Laboratory under 
the direction of William B. Castle, M.D., F.A.C.P., and Thomas H. Ham, 
M.D., F.A.C.P., of the mechanism and clinical application of the osmotic 
fragility test, 

Samuel P. Martin, M.D., Durham, N. C. Dr. Martin’s premedical and 
medical courses were taken at Washington University, St. Louis, where he 
received the M.D. degree in 1941. He interned in the Barnes Hospital, 
St. Louis, 1942-43, and served there also as Assistant Resident in Medicine, 
1943-44. Dr. Martin served in the Army from 1944 until 1947. He is pres- 
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ently Resident, iiv jMedicine in the Duke University Hospital. With the 
aid of the Fellovship, Dr. Martin will undertake studies of bacterial me- 
tabolism in the Rockfeller Institute for Medical Research, New York, 
N. Y., under the direction of Dr. Rene .1. Dubos. 

Peritz Scheikberg, iM.D., Miami, Fla. Now Assistant Re.sident in 
Medicine in the Duke University Hospital, Dr. Scheinberg attended Em- 
ory University, where he received the A.B. degree in 1941, and the M.D. 
degree in 1944. He subsequently served as intern and As.sistant Resident in 
jMedicine in the Grady Memorial Hospital, Atlanta, Ga. Dr. Scheinberg 
served in the U. S. Naval Reserve, 1945-46. He will conduct an investiga- 
tion of cerebral circulation and peripheral vascular flow in normal and 
hjqDertensive persons in the Duke University Hospital under the direction 
of Eugene A. Stead, Jr., M.D., F.A.C.P. 

Letfe Lahut Uzmak, M.D., Istanbul, Turkey. Dr. Uzman will conduct 
studies, now under way, with Dr. J. Folch-Pi, in the Department of Sci- 
entific Research of the McLean Hospital, Waverly Mass., on the isolation 
and characterization of brain proteins and their role in health, disease and 
senescence. Dr. Uzman received the B.S. degree from the University of 
Istanbul Faculty of Science in 1940. Following several j'^ears of studj’’ 
in the Medical School of that institution, he transferred to the Harvard 
Medical School and completed his work for the M.D. degree there in 
1946. He interned in the Boston City Hospital, Neurology Ser%’ice, 1946- 
47, and has since held appointment as Assistant in the McLean Hospital. 

John Martin Weller, M.D., Ann Arbor, Mich. Dr. Weller completed 
his undergraduate studies at the University of Michigan in 1940 and re- 
ceived the M.D. degree from Harvard Medical School in 1943. He served 
as Medical House Officer, Peter Bent Brigham Hospital, Boston, from 
January to October, 1944; as Assistant Resident in Medicine in the Van- 
derbilt University Hospital, Nashidlle, Tenn., from October, 1944, to 
July, 1945. Since January of 1946, Dr. Weller has been Medical Resident 
in the Veterans Administration Hospital, Hines, 111. Dr. Weller’s appoint- 
ment to the first Alfred Stengel Research Fellowship of the American 
College of Physicians will enable him to undertake, with Professor A. 
Baird Hastings in the Department of Biologic Chemistrj’^ of Harv'ard 
Medical School, studies concerning the ionic patterns of the intracellular 
fluids and their influence on enzjunatic reactions; of acid-base balance in 
tissues other than skeletal muscle tissues. 



NATIONAL RESEARCH 'COUN- 
CIL GRANTS FOR RESEARCH 
IN END OCRINOLOG Y 

The Committee on Research in Endocri nolog}", National Research Coun- 
cil, wishes to announce that requests for grants-in-aid during the fiscal 
period from July 1, 1948, to June 30, 1949, will be received until February 
29, 1948. Application blanks may be obtained by addres.sing the Secretary, 
Division of Medical Sciences, National Research Council, 2101 Constitu- 
tion Avenue, Washington 25, D, C. In Addition to a statement of the prob- 
lem and research plan or program, the Committee desires information re- 
garding the proposed method of attack, the institutional support of the 
investigation and the uses to be made of the sum requested. No part of any 
grant may be used by the recipient institution for administrative expenses. 

The Committee makes grants in aid of research in the general field of 
experimental and clinical endocrinology. However, applications for sup- 
port of research in the problems of sex in the narrower sense cannot be 
given favorable consideration, and investigators seeking support in this 
field should direct their proposals to the Committee for Research in Prob- 
lems of Sex of the National Research Council. The Committee on Research 
in Endocrinology, however, will continue to gi\'e consideration to the 
support of studies of the effect of sex hormones on non-sexual functions, 
e.g., on general metabolism and on the metabolism of steroid hormones. 
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A FEAIINIZING ADRENAL TUMOR CAUSING 
GYNECOT^IASTIA IN A BOY OF FIVE YEARS 
CONTRASTED WITH A VIRILIZING TUAIOR 
IN A FIVE-YEAR-OLD GIRL 

CLASSIFICATION OF SEVENTY CASES OF ADRENAL T^IOR IN 
CHILDREN ACCORDING TO THEIR HORMONAL .MANIFESTATIONS 
AND A REVIEW OF ELEVEN C.ASES OF FEMINIZING 
ADRENAL TUMOR IN ADULTS* 

LAWSON WILKINS, M.D. 

From the Department of Pediatrics, Johns Hopkins University School of 
Medicine, and the Harriet Lane Home of the Johns 
Hopkins Hospital, Baltimore, Maryland. 

T WO cliildren, a boy and a girl, each 5 years old, Mth marked changes 
toward the adult characteristics of the opposite sex, were studied at 
about the same time in the Endocrine Clinic of the Harriet Lane Home. 
In each case an encapsulated adenoma of the right adrenal was successfully 
removed. The cases are of interest as examples of the difference in the 
hormonal effects of adrenal tumors and because hitherto no instance of 
gjmecomastia due to adrenal tumor has been reported in a boy before pu- 
berty. 

CASE REPORTS 

Case 1. Donald G. (H.L.H. A 31153) came to our attention Juh’, 1943, at the age of 
4 years and S months because of large, well developed breasts. During the neonatal 
period hyperplasia of the breasts so common among newborns was not noted, but at the 

Received for publication October 10, 1947, 

This norlc was made possible by a grant from the Commonwealth Fund for the 
studj of endocrine problems in childhood, supplemented bv the John Howland Memorial 
Fund. 
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age of 6 montlis tlie breasts became enlarged and attained their jn-esent state of develop- 
ment by the age of 1 or 2 years. There had been no tenderness and no secretion. Except 
for the breasts, the boy’s growth, development and general health had been normal in 
eveiy way. He behaved like a normal boy and .showed no feminine traits of personalit}". 

At the time he was o.xamined, he was only 1 inch taller than the average and his 
skeletal proportions were entirely normal. However, his epiphysial development was 
that of a 10-year old boy, and his dental development was slightly advanced (Fig. 1). 



Fig. la. Case 1 :D.G. age 5 jmars. Before operation. Note the well 
developed breasts and nipples and normal male genitalia. 

Fig. lb. Case 1 : D.G. age Sj years. Three years after operation. 

Breasts much smaller. No signs of pubert}". 

The breasts were conical and measured 9 cm. in diameter at the base. The central area 
of 5 cm. diameter felt like normal glandular structure. The areolae were well developed 
but did not show much pigment. The nipples were small. There were well marked pec- 
toral and circuraareolar veins. No secretion could be expressed. The penis was normal 
for the patient’s age and the testes were of normal size and consistenc}’’, measuring 
2X1.2 cm. The prostate was definitelj’- enlarged for his age, about one-third the adult 
size and was of unusually firm fibrous consistency. There was no pubic hair. The skin 
was normal and showed no unusual pigmentation or seborrhea. 

The general examination was essentially negative. Palpation of the abdomen revealed 
no masses. X-rays of the bones, skull and lungs .showed no tumor metastases. Intra- 
venous pyelograms showed a double renal pelvis and a bifid ureter on the right side. 
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Above the riglit kidney and apparently not connected witli it, there was a calcified area 
1 cm. in diameter \dsiblc on both the flat X-ray plate and the intravenous pyelogram. 
Urine e.xamination and P.S.P. showed no abnormality. The intradermal tuberculin test 
was negative. Blood counts were normal. Chemical c.vamination of the serum showed 
the concentration of N.P.N. to be 19 n»g. per cent, calcium 11.9 mg. per cent, phospho- 



Fig. 2. Case 1: Drawing of adrenal tumor causing gjnecomastia. 

rus 5.3 mg. per cent, phosphatase 8.7 Bodansky units, chloride 101 millequivalents, and 
cholesterol 132 mg. per cent. Glucose tolerance and insulin sensiti\-ity tests were nega- 
tive. The Kepler-Powers diuresis test for adrenal function revealed no abnormality. The 
17-ketosteroid excretion was 4.1 mg. per 24 hours. Assay of urinary estrogen (Dr. Dells) 
showed an excretion of 5 rat units per 24 hours which is only sh'ghtly greater than normal 
for even an adult male. Pregnandiol was not detected in the urine. An assay of F.S.H. 
was negative in a titer of 6.5 mouse units per 24 hours. 

Because of the occurrence of gynecomastia at this earR’’ period of life, and because of 
the e.xcretion of estrin in the urine, it was believed the boy probably had a tumor pro- 
ducing an estrogenic substance. The possibility of a testicular tumor, an embryonic 
tumor somewhere in the abdominal ca\"ity or a tumor of the adrenal was considered. 
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The only suggestion as to its location was the calcified shadow in the riglit suprarenal 
region. 

It was felt that a transporitonenl inci.sion which would iierniit exploration of the 
abdomen as well as approach to the adrenal was indicated. This was jicrformed by Dr. 
Alfied Blalock and Dr. Hugh Jewett November 10, 1943. No abnorinalit,v was found 
in the pelvis oi abdominal cavity. Lxpo.sure of the right adrenal iinmediatel.v revealed a 
tunioi of daik blown color about the size of an oli\^e (Big. 2). On its anterior surface 
there appeared to be two nodules but on its posterior surface it was ajiparentlj’’ a single 



Fig. 3. Case 1 : Microphotograph (X400) of adrenal tumor causing gjmecoinastia. 


mass. The tumor was removed together with some adrenal tissue, leaving only a small 
portion of the upper pole of the adrenal. The left adrenal was carefully examined and 
appeared normal. 

Pathological Examination by Dr. Sam Blackman: "The specie en removed consisted 
of adrenal gland and tumor measuring 3 X2 cm. Occupying a large proportion of this 
and arising slightly closer to one end than the other, there is a trilobular firm tumor 
which on one side reveals two nodules projecting from the surface of the adrenal and 
on the other side, a single larger lobule. One lobule is calcified and is cut with difficulty. 
The rest of the tumor is. soft and brown in color. 

Microscopic Examination: (Fig. 3). The tumor is separated from the normal adrenal 
by a fibrous capsule. There are calcified areas in the capsule and scattered calcified areas 
in the tumor itself. The section fixed in Vandegrift’s solution shows very large cells 
although some are only moderately large. The cells vary in shape a good deal. They have 
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deeply eosinophilic coarse granular cytoplasm. Some of the cj'toplasm has dropped out. 
The outline of every cell is sharp, so that it appears almost as if there were a distinct 
membrane around each cell. The nuclei are mosth* round and vary greatly in size. Some 
are huge, hyperchroinatic nuclei; many contain nucleoli. Tissue fixed in Zenker’s solution 
shows the same large cells cf irregular shape and the same variable nuclei, many of 
which arc enormous and extremely hyperchroinatic. There are no mitotic figures. In 



Fig. 4. Case 1: iMicrophotograph (X90) of breast biopsy. Relativeh' slight hyper- 
plasia of ducts but marked proliferation of periductal fibrous stroma. 


the Zenker-fixed tissue, however, the outlines of the cells are less distinct, and the cj-to- 
plasm has not dropped out. IMoreover, the appearance of a cell membrane is not present 
in this tissue at all. !Many of the cells in the Zenker-fixed tissue contain relative!}- large 
droplets of yellowish brown material which is highly refractive and accounts for the 
brownish color of the gross specimen. These pigmented drops were evidently dissolved 
out in the Vandegrift’s fi.xed tissue, probably by the acetone. They are entirely different 
from the minute, more brown granules of pigment that are found in tumors and h}-per- 
plasias of the adrenogenic zone of the adrenal cortex (1). Sections fixed in Zenker’s 
fluid and stained with iron-hematoxylin show hematoxj-lin-stained granules and droplets 
in many of the cells, such as are found in the prenatal zone of the adrenal corte.x. These 
did not form complete circles in the cells like the pigment granules and their preceding 
mitochondria which occur in the reticular zone cells of the adrenal cortex. Vith ponceau- 
fuchsin stain the protoplasm of the cells appears granular and stains deeply red. The cells 
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of this tumor are identical with microscopical cell masses whicli we have found in the 
prenatal zone of the adrenal cortex of infants at autopsy. 

Biopsy of breast (Fig. 4) sliows some hyperplasia of the duct cpitlielium and marked 
periductal hyperplasia of tlie connective tissue. Tlie connective tissue appears old and 
hjmline and contains few nuclei. It is so widespread tliat it no longer shows an}"^ particular 
periductal arrangement, as is seen in early cases of gynecoma.stia. It is evident that tlie 
main mass of the enlarged breast consists of this hyaline connective tissue.” 

The boy made an uneventful recovery. In the 4 years since operation he has been 
examined repeatedly in the Endocrine Clinic. His licalth has been good and his growth 
and development normal. The breasts have decreased slowly but progressive!}' in size. 
They are still quite noticeable but measure only 3 to 4 cm. in diameter and are more soft 
and flabb}'. In June, 1947, at the age of S years and 9 months, he was 50.3 inches tall, 
which is within average range for this age. The bone age was about 9| years. According 
to Dr. Jewett, the prostate had decreased somewhat in size but was still enlarged. 
There was almost a stony induration of the left lobe, whereas the right was of normal 
consistency. No calcification was demonstrated by X-ray. 

Case 2. Jane C. (H.L.H. A 33040) was 5-1- ye.ars old when she was first seen by us. The 
mother and the attending physician were certain that her genitalia were entirely normal 
at birth. At the age of 5 years, in May, 1943, the mother noticed that there was slight 
enlargement of the clitoris which grew rapidly from then on. About September, pubic 
hair began to appear and grew rapidly thereafter. Her voice became deeper, her features 
coarser, and her skin became oily and showed a little acne. Within a few months she grew 
3 inches and gained 10 lbs., becoming more muscular. 

In November, 1943, at the age of 54 years her height was 44.6 inches which was 1§ 
inches taller than the average for her age (Fig. 5). The epiphysial development was that 
of 7 years. The musculature was well developed. Her features M'ere a little more mature 
than normal for her age. There were seborrhea and slight acne but no abnormal pigmen- 
tation of the skin. There was a pronounced growth of coarse hair over the pubis and in 
the perianal region. There was some dark down on the upper lip but no axillary hair. 
The clitoris measured 3 cm, XI cm. The vulval configuration was entirely normal. The 
labia majora were somewhat hypertrophied and pigmented, while the labia minora were 
undeveloped and of preadolescent t}'pe. The meatus of the urethra was situated 
in the usual position near the base of the clitoris, and the vaginal orifice admitted a 
finger. In this respect she differed from female pseudohermaphrodites in whom the oc- 
currence of androgenic hyperplasia of the adrenals in early embryonic life brings about 
persistence of the urogenital sinus. On rectal examination, Dr. TeLinde felt a small 
uterus and a small ovary on each side. No tumor was felt in the pelvis nor could any mass 
be felt in the abdomen or kidney region. IntraA'enous pyelograms were negative. Blood 
couirts, blood chemical studies, glucose tolerance, insulin sensitivity tests and a water 
excretion test for adrenal function were all negative. The 17-ketosteroid excretion varied 
between 19 and 22 mg. per da}', of which le.ss than 1 per cent was the beta fraction. 

Embryonic hyperplasia of the adrenal could be excluded in this case because of the 
normal development of the vagina and urethra. The sudden and rapidly progressive 
onset of virilization at this age suggested that the child had a virilizing tumor of the 
adrenal gland or of some aberrant adrenal tissue. On December 31, 1943, Dr. Richard 
W. TeLinde and Dr. Alfred Blalock performed a transperitoneal exploration through 
which they were able to inspect the pelvis as well as the abdomen. Normal uterus, tubes 
and ovaries of average size for her age were found. Exposure of the right adrenal showed 
a tumor of dark brown color the size of a hen’s egg attached to the lower pole of the 
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gland by a comparatively narrow pedicle (Fig. 6). It was removed lea^ong the upper half 
of the gland. The left adrenal appeared entirely normal. 

Pathological Examination: “The adrenal tumor measures 4x3 cm. There is a capsule 
about 0.5 cm. thick. The lower two-thirds is rather firm and lobulated. The proximal 
third is cystic in consistency. At one point the capsule has been ruptured and protruding 



Fig. 5. Case 2: J.C. age 5| years. Alarked development of pubic hair. The greatly 
hj'pertrophied clitoris is not Ausible in the photograph. The vagina and urethra were 
normal. 


through the opening is some very friable adrenal tissue with the typical brownish color. 
The tumor was attached by a pedicle about 1 cm. in diameter to the lower pole of the 
adrenal gland, which was not removed. The blood supply through this pedicle enters a 
small area of typical adrenal medulla. 

Microscopic Examination: (Fig. 7) Sections show a well-encapsulated tumor com- 
posed of an irregular growth of cells ha^•ing a granular pink-staining cidioplasm and 
containing nuclei which range in size from about 7 to 30 microns. The small nuclei have 
a dark pyknotic stain somewhat like Ij'raphocj'tes. The larger ones have a reticulum 
and a very dark blue-staining central nucleolus. There are no mitotic figures, but there 
are a number of other pj'knotic cells. There are scattered areas of soft calcification from 
3 to 40 microns in diameter. In one of the sections there is a small amount of adrenal 
tissue outside the capsule. This is composed of strands of the usual small cells. Except 
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for the intact capsule and the absoncb of mitotic figures, the great disparity of size in 
tlie cell structure and of tlie staining qualities of the nuclei suggest a malignancy.” 

Following operation the cliild suffered no shock and recovered rapidly. The pubic hair 
which had been shaven grew rapidly again for about 3 weeks but was more scant tlian 
before operation. Her seborrhea and acne decreased. The 17-ketosteroid e.vcretion which 
was from 19 to 22 mg. before operation decreased to 2.S mg. the third day after operation, 
and to 1.4 mg. the eighth da}'. The patient was. seen again in April, 1944. She had grown 



Fig. 6 . Case Drawing of adrenal tumor causing virilization. 

2.2 inches since December, 1943. It was thought that the pubic hair was a little less 
dense than before operation and the clitoris was a little smaller. The excretion of 17-keto- 
steroids was 2.1 mg. per da}'. When she was seen again in December, 1944, the patient’s 
height was 49.6 inches, representing a growth of 5 inches during the preceding year. 
The bone age, which was 7 the previous year, was now 11 years. The acne was more 
marked. Pubic hair was more abundant, a few hairs had appeared in the axillae and there 
was a little dark hair on the upper lip. Her voice was slightly deeper than previously. 
There was no change in the clitoris. There was no development of the breasts. The 
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vaginal smear indicated no eslrinization. The 17-kctosteroids were 9-1 mg. per day De- 
cember 27, and 126 mg. per day, December 2S. X-rays of the cliest and bones sliowed no 
metastasis. Intravenous pyelograms were negative. It was believed that the tumor had 
recurred or metastasized, and another abdominal exploration was undertaken by Dr. 
TcLinde on January 6, 1945. His note was as follows: 

“On the lateral border of the ascending colon, about 2 inches from the tip of the 
caecum, there was a yellowish pedunculated tumor about the size of a golf ball. It had 



Fig. 7. Case 2: I^Iicrophotograph (X400) of adrenal tumor causing ^-irilization. 


the smooth appearance of the circumscribed tumor which was removed from the adrenal 
last year. At the hepatic flexure of the colon there was another similar tumor which was 
slightly larger. This tumor seemed quite free and very well encapsulated beneath the 
serosa of the colon. On the under surface of the right lobe of the liver to the right of the 
gall bladder a third tumor was present, which had the general appearance of the others 
but was more irregular in shape and blended with the liver substance. Above the upper 
pole of the right kidney in the region of the adrenal there was a small nodule about the 
size of a pea which probably represented a recurrence of the original tumor but there 
was no other e^■idence of recurrence in the adrenal region. The two large tumors attached 
to the colon were readily removed. The metastasis attached to the liver had apparently 
invaded that organ and it was impossible to remove it completeh’. The small tumor in 
the adrenal region was not removed.” 

Pathological Report: “The several sections of the three tumors show an identical 
microscopic picture. There are large sheets of the cells, the nuclei of which varj* tre- 
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niendously in size and staining reaction. Mitotic figures arc extremely rare. There is an 
abundant amount of pink c3'topla.sm and practically no connective tissue stroma. The 
tumoi is Avell supplied with blood but in spite of this tJiore are a few areas of necrosis 
and in these regions there is a mild infiltration with inflammatory cells. In the section 
taken from the liver there is invasion and destruction of the liver cells.” 

Following this operation there was a temporary decrease of the 17-ketostcroid exerc- 
tion wliich then increased again as shown bj' the following: 

17-Kclosieroi(Is per day 


12- 3-43 

22.0 mg. 

12- 4-43 

19.0 mg. 

12- 5-43 

21.0 mg. 

First operation 1 

3-81-43 

1- 3-44 

2.S mg. 

1- 5-44 

2.5 mg. 

1- G-44 

2.4 mg. 

1- 7-44 

0.9 mg. 

1- S-44 

1.4 mg. 

1- 9-44 

1.5 mg. 

1-12-44 

1.7 mg. 

4- S-44 

2.1 mg. 

12-27-44 

94.0 lug. 

12-28-44 

126.0 mg. 


Second eperation 1-4-4^ 


1-10-45 

16.0 mg. 

1-14-45 

18.0 mg. 

1-21-45 

35.0 mg. 

2- 1-45 

38.0 mg. 

3- G-45 

70.0 mg. 

4-15-45 

124.0 mg. 


Following the second operation she returned to her home in another city. She is said 
to have remained strong and health until 2 weeks before her death in December, 1945. 
No details of her last illness are available. 

DISCUSSION OF CASES 

The hormonal effects of the two adrenal tumors were quite different. 
The girl showed enlargement of the phallus, precocious growth of sexual 
hair, seborrhea, deepened voice, somatic and muscujar growth and ac- 
celerated epiphysial development. All of these symptoms can be attributed 
to excessive secretion of androgen. There were no signs of excessive cortin 
activity such as obesity, striae, plethora, hypertension or diabetic sugar 
curve. The lack of breast development and the absence of adolescent 
changes in the labia minora or vaginal epithelium indicated that estrogen 
was not being produced in as great amounts as in the adolescent period, 
or else that its effects were suppressed by excessive androgen. In the case 
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of the boy there were no evidences of excessive production of either andro- 
gen or cortin, and the excretion of IT-ketosteroids was low, not exceeding 
4 mg. per day. The enlargement of the breasts suggested that estrin was 
being elaborated in excess. However, the breasts differed from normal fe- 
male mammae in containing a large amount of connective stroma with 
little proliferation of ducts. Breast development cannot be considered proof 
of estrogenic activity because experimentally mammogenic effects may 
be produced by testosterone, chorionic gonadotropin or desoxycorticos- 
terone. The cause of the breast enlargement in adolescent males is uncer- 
tain. In the syndrome described bj'^ Klinefelter et al. (2) and by Heller and 
Nelson (3), Albright has postulated that the gynecomastia is due to lack 
of “inhibin” secreted bj' the seminiferous tubules while androgen continues 
to be secreted bj^ the interstitial cells. The fact that our patient had an 
enlarged prostate which seemed to be firm and fibrous suggested that there 
might be hj^jertrophy of the fibrous stroma, such as is caused by injecting 
estrogens into male animals. Further e\’idence that the patient was secret- 
ing an excess of a hormone which behaved like an estrogen was afforded 
by the fact that an extract of his urine caused cornification of the vaginal 
epithelium in a castrate rat in a titer slightly greater than ordinarily found 
in a preadolescent or even in an adult male. 

Although in one case the hormone produced bj’- the adrenal tumor be- 
haved like an androgen, and in the other like an estrogen, no information 
was obtained concerning the chemical structure of the steroids in the tumor 
tissue. The actual androgenic content of h 3 T)erplastic or neoplastic adrenal 
glands is very low despite the fact that they may give rise to excessive 
amounts of androgenic steroids in the urine (Crooke and Callow (4), 
Slot (5)). In our cases no attempt was made to isolate and identify the 
steroids in the small amounts of tumor tissue obtained. However, bio- 
logic assays for androgen and estrogen were made by Dr. Harrj'- Hays, 
of the Ciba Pharmaceutical Products, Inc. on acetone and acetone-ben- 
zene-ether extracts of the tumors with negative results. 

The study of the steroids of the urine has jdelded more information than 
the analysis of tissue extracts. Not only are there increased quantities of 
these substances in cases of adrenal tumor or hyperplasia, but in some in- 
stances large amounts of abnormal steroids not found in normal urine are 
excreted (Wintersteiner (6)). It has been suggested by Talbot (7) that the 
finding of a large proportion of the beta fraction of the 17-ketosteroids is 
diagnostic of adrenal tumor. However, an increased beta fraction is not 
invariably found in cases of adrenal tumor and there may at times be some 
increase with hj^perplasia (Dobriner (8)). Frank (9) found very high ex- 
cretions of estrogens in some cases of ^^rilizing tumor and considered that 
this was characteristic of adrenal carcinoma rather than adenoma. 
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111 our patient with virilizing tumor, urine collected prior to operation 
contained from 19 to 22 mg, of 17-ketosteroids per day; and after metas- 
tases occurred, as much as 124 mg. (Specimens were sent to Dr. Konrad 
Dobriner of Memorial Hospital Research Laboratories, New York City, 
for isolation of the steroids but as yet no report has been obtained.) The 
boy with gynecomastia excreted only 4 mg. of 17-ketosteroids and insuffi- 
cient urine was collected before operation to permit proper isolation of 
individual steroids. In a later section in which we review cases of feminizing 
adrenal tumor in adult males, it will be shown that there maj'^ be consider- 
able variation in the steroid excretion in this condition. Using bioassay 
methods on the urine, Simpson and .Toll (10), and Roholm and Teilum (11) 
demonstrated a marked increase of estrogenic and only slight increase in 
androgenic activity. We shall refer latei- to an unpublished case of fem- 
inizing tumor studied by W. W. Scott in which large amounts of beta 
17-ketosteroids ana only small amounts of estrogen were found in the urine. 
The biologic effects of abnormal steroids of the adrenal, found in large 
amounts only in pathologic conditions, is not fully understood. 

The pathologic stud}'' of the two tumors added little to our knowledge. 
In each of them the cells were large, polyhedral and showed no particular 
structural arrangement. The protoplasm was deep-staining and granular, 
and did not show vacuoles. In fact. Dr, Blackman was able to detect no 
essential differences in the two cases and considered that each neoplasm 
resembled the prenatal zone of the adrenal, and was probably derived 
from it. The Broster-Vines (12) stain for fuchsinophilic granules did not 
aid in differentiation, as these granules were abundant in both cases. This 
differed from the experience of Simpson and Joll (10) who studied a malig- 
nant adrenal tumor causing gynecomastia in a male and compared it with 
a virilizing adrenal carcinoma in a woman. They reported that a different 
type of cell was found in the two tumors ; and the virilizing tumor showed a 
“diffusely fuchsinophilic tinge.” However, Sudds (13) concluded that the 
sex hormones play no part in determining the presence of fuchsinophilic 
granules in the adrenal. Blackman (1) came to the conclusion that all 
cells which stain intensely with eosin such as liver cells and the reticular 
zone cells of the adrenal, show granulation with the ponceau-fuchsin stain, 
whereas cells filled with lipoids are not stained. 

CLASSIFICATION OF ADRENAL DISORDERS 

The hormones of the adrenal cortex, their biologic effects and relations 
to pathologic conditions have been extensively discussed (6, 12, 14, 15, 
16, 17, 18, 19, 20, 21). They fall into five groups of steroids differing in 
chemical structure and biologic activity: 1) corticosterones having no 
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oxygen attached to Cu which arc concerned principally with the control 
of the electrolyte balance; 2) corticosterones with an atom of ox 3 ^gen on Cu 
which influence the carbohj’drate metabolism; 3) androgens: 4) estrogens 
and 5) progestins. Adrenal tumors maj' exhibit no hormonal manifesta- 
tions or maj' cause sjmiptoms attributable to the excessive production of 
one or of a number of different hormones (Cahill (18)). Excess of the gh'coge- 
netic cortins which tend to cause the utilization of amino acids for 


Tablb 1. Classification of Diseases of Adrenal Cortex According 
TO Hormonal Manifestations 



Pathological 

Etiologj' 

Hormonal Dysfunction 
Cortin -Androgen Estrin 

-\ddison’s Disease 

Adrenal TBC 
-Adrenal -Atrophy 
Pituitary Deficiency 

- - 

Hj'polhalamic? 

Cushing’s Syndrome Pit. Basoph. Tumor 

.\drcnal Hyperplasia 
Adrenal Tumor 

or 

Adrenogenital Syndrome 

Female — Pseudohermaphroditism) 
Male — Macrogenitosomia Precos | 

Embryonic Hyperplasia 

N or - 

T + 

(Frequent) -r + 

Virilization 

Postnatal!^"'"'’"', . 

Hyperplasia 

y + + + 

+ + 


Feraiaizatioa — Gynecomastia Feminizing Tumor + + 


glycogen formation and to inhibit protein anabolism, maj’’ account for 
the diabetic sugar curve, obesity, e\ddences of protein deprivation and 
other signs of metaboUc disturbance encountered in Cushing’s sjoidrome 
(Albright (19)). Occasional disturbances of the electroljde balance and per- 
haps hjrpertension maj’’ result from excess production of adrenal cortins 
(McQuarrie (20, 21), Anderson and Haymaker (22)). Excessive elaboration 
of androgen leads to increased growth and muscular deA’elopment, hirsu- 
tism, acne and AuriUzation. 

In Anew of the multiplicity of the hormones which maj’' be elaborated, it 
is not surprising that adrenal disorders maj" cause a great A’^arietj’’ of sj'mp- 
toms, or that there maj'" be gradations between the adrenogenital sATidrome 
and Cushing’s syndrome. It would aA'oid confusion to define the adreno- 
genital syndrome as a disorder in which there are eAndences of excessiA'e 
production of adrenal androgen with either (a) no eAndence of disturbed 







Table 2 . Adeenal Tumors in Children 12 Years or Younger, Classified According to Hormonal Manifestations 
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cortin production or (b) deficiencj- of cortinsd and C^tsMng’s syndrome as 
a disorder in which signs of excessive cortin production predominate, with 
usually some evidence of increased androgen and occasionally increased 
estrin. On the basis of these definitions the classification of adrenal dis- 
orders is shown in Table 1. 

ADRENAL TUMORS IN CHILDHOOD 

Cases of adrenal tumor in children have been collected from the litera- 
ture by Reilly, Lisser and Hinman (26) — 37 cases; INIarks, Thomas and 
Warkany (27) — 24 cases; Wilkins, Fleischmann and Howard (23) — II 
cases in the male; and Goldstein, Rubin and Askin (28) — 54 cases. Addi- 
tional cases not included in these series have been reported b}*^ Gross (29), 
McQuarrie (20), Friedgood and Gargill (30), Pratt and Schaefer (31), Light- 
wood (32) and ^Tiarton (33). Actuallj’’, excluding all duplications and add- 
ing our 2 cases, there are 70 children (53 girls and 17 boys) who developed 
adrenal tumor before the age of 12 years. In three of these cases, the neo- 
plasm occurred in aberrant adrenal tissue in or near the ovaries (34, 35, 36). 
We have re'V'iewed the published abstracts of these histories to determine 
which patients showed marked obesity, plethora, hj’pertension or other 
e'sddences of excessive cortin secretion, and which showed wilization with 
accelerated growth and muscular development suggesting only h3T3ersecre- 
tion of androgen. The findings are shown in Table 2. 

Of the 53 girls, 31 fulfilled our definition of simple adrenogenital sjti- 
drome, and 22 had symptoms suggestive of Cushing’s sjmdrome. Of the 
22 girls who were obese or had other manifestations of hj’percorticism, aU 
but 2 (29) who ran an unusually rapid comse showed hirsutism or other 
evidence of excessive androgen, and 6 gave e\’idence of precocious secretion 
of estrin .- 


' The fact that embryonic hyperplasia of the adrenal causing macrogenitosomia 
praecox or female pseudohermaphroditism may lead to cortico-adrenal insufficiency has 
been discussed by Wilkins, Fleischmann and Howard (23), Bratrud and Thompson (24) 
and Jaudon (25). 

- A 4-year old patient of Tilesius (37) was excessively fat and had large mammae 
and well developed pubic hair. 

A patient of Bulloch and Sequeira (38) was obese and hirsute, had large breasts and 
menstruated at 10 years. 

Walters, Wilder and Kepler’s (39) patient developed breasts at 4 years. Her menses 
started at S years and recurred every 2 months. In addition, she showed marked hirsu- 
tism, acne, deep voice, advanced bone age, obesitj' and hj'pertension. 

Friedgood and Gargill’s patient (30) menstruated at S years, had e\'idences of marked 
virilization and also had plethora, striae and hypertension. 

In addition, Riche (36) and Gaudier (35) each reported an adrenal rest tumor of the 
ovary causing menorrhagia and metrorrhagia at about 4 years. 
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It is of considei’able interest that although evidences of virilization were 
manifested in 12 cases during the first year of life, and in a number of these 
within the first few months, abnormalities in the differentiation of the 
genital tract with persistence of a urogenital sinus did not occur in any 
case.® T-his is in marked contrast to congenital adrenal hyperplasia which 
in females practically always causes pseudohermaphroditism with a per- 
sistent urogenital sinus. 

Of 17 males with adrenal tumor (20, 29, 32, 40, 44, 45, 46, 47, 48, 49, 50, 
51, 52, 53, 54, 55), 12 showed precocious sexual development, accelerated 
growth and osseous development and were muscular but not obese. Only 2 
showed obesity of the Cushing’s type (32, 40), Our patient (Donald G.) 
is the only case of feminization with gjmecomastia in this age group. It 
should be noted that when precocious development of the male genitalia 
and secondary sex characteristics result from androgen derived from ad- 
renal neoplasm or hyperplasia, the testes usually do not undergo adolescent 
development. In 6 cases the testes were described as small or normal, and 
in 7 cases they were not mentioned. Taylor and Wiseman (40) stated that 
in their 11-month old patient the testes were 'fiarger than normal.” In 
a 2|-year old patient of Fordyce and Evans (46), and a 3-3^ear old boy of 
Macera (51) they were “large” but showed no sperm. In a 5-year old boy 
reported by Player and Lisser (52) the testes were said to be of adult size 
and erections and nocturnal emissions were reported. It is questionable 
whether spermatozoa were present. This is in marked contrast to the cases 
of males having sexual precocity due to brain lesions or to idiopathic pre- 
mature activation of the pituitary, who usually develop mature adult 
testes with spermatogenesis. 

The tendency of adrenal tumors to malignancy is shown by the fact that 
metastases occurred in 30 of the 70 cases. There is a high degree of operative 
mortality. Only 14 patients (11 girls and 3 boys) of the 35 in whom removal 
of the tumor was attempted were cured. The first successful operation was 

^ Soffer (14) quotes incorrectly the cases of Scabell (41) and Krabbe (42) as instances 
of female pseudohermaphroditism associated with adrenal tumor. Actualbq Scabsll’s 
first case was one of adrenal tumor causing virilization without genital maldevelopment 
and his second case was a female pseudohermaphrodite with congenital adrenal hyper- 
plasia. Krabbe did not report any cases. He emphasized that adrenal lesions do not 
cause true sexual precocit}’- but heterosexual development which he termed “pseudo- 
hermaphroditism.” DaRocha (43) incorrectly applied the term “pseudohermaphroditism” 
to a case of virilization due to adrenal tumor in a 2-3’-ear old child. The case has been 
quoted as having the vagina “obliterated.” Actualbq there was a normal vagina ob- 
scured by a large clitoris. Bratrud and Thompson’s (24) case 7 was a female pseudo- 
hermaphrodite of 32 years who had bilateral congenital adrenal hyperplasia and also a 
carcinoma of the right adrenal which might have developed subsequently. 
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performed by Collett, in 1924. A number of the patients died from hemor- 
rhage and it is probable that postoperative shock and death were due in 
some cases to the fact that the contralateral adrenal may have undergone 
atroph}' due to the excessive hormonal acti\'it 3 ' of the tumor so that adreno- 
cortical insufficiency folloAved the removal of the neoplastic gland. It is 
probable that with improved technic and supportive adrenal therapy a 
higher percentage of cures will be obtained in the future. 

FEMINIZING ADRENAL TUMORS CAUSING GYNECOMASTIA 
IN ADULT MALES 

Ten pre^^ously reported cases of gynecomastia (10, 11, 56, 57, 58, 59, 60, 
61) due to adrenal carcinoma in adults are listed in Table 3. We are grate- 
ful to Dr. W. W. Scott, Professor of Urology, Johns Hopkins Hospital, 
for his permission to add an eleventh case, hitherto unpublished, which he 
studied in 1945 in Chicago. All of these patients were between 26 and 44 
years of age with the exception of the 15-year old patient of Holl (57), 
Our patient (D. G.) is the only case in which a feminizing tumor of the 
adrenal has been found before the onset of puberty. 

The high degree of malignancy is shown by the fact that 9 of the 12 
patients died from metastases or postoperative recurrences. Holl’s patient 
2 was reported as cured after operation. AIcFadzean’s (59) patient was 
well six weeks postoperatively. Our patient shows no e^^dence of re- 
currence or metastases four years after operation. 

The breasts and nipples were well developed in all cases. Increased pig- 
mentation of the nipples was noted in the two cases of Holl (57). In the 
case of zum Busch (61) a little milky fluid could be expressed, and in Lis- 
ser’s case there was a water}'- secretion. All the patients apparentl}"- had 
some loss of libido and in 6 cases the testes were described as small or atro- 
phic. In only two cases was there any tendencj-- to obesit 5 ^ Holl’s 44-year 
old patient showed increased adiposity -nith the onset of symptoms, and 
lost weight folloudng the successful removal of the tumor. The patient of 
Simpson and Joll (10) gained nearly 30 lbs. of weight during the first year 
after gjmecomastia appeared, and then lost about 60 lbs. prior to opera- 
tion. Following operation he regained his original weight but again lost 
when the tumor recurred. Hypertension or other e^’idences of Cushing’s 
sjTidrome are not recorded in these cases. In Bittorf’s (56) case there 
was increased pigmentation of the eyelids and face and in Holl’s first case 
there was a pigmented linea fusca on the abdomen. 

In only four cases have studies of the urinary hormones been made. In 
the cases of Simpson and Joll (10) and of Roholm and Teilimi (11) bio- 
assays showed only a slight increase of androgen but a large increase 
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of estrogen (5000 mouse units per day compared to less than 20 mouse 
units in normal indmduals). W. W. Scott made extensive chemical studies 
of the steroids excreted by his patient. The total 17-ketosteroids amounted 
to 195.6 mg. per day. Of 189.S mg. contained in the ketonic fraction there 
were only 5.8 mg. of alpha-ketosteroid while 70 mg. of crystalline dehydro- 
isoandrosterone, a beta compound, were isolated. Estrogenic acti^dty was 
equivalent to only 5.3 micrograms of alpha-estradiol benzoate per 24 hours. 
Following operative removal of the tumor the 17-ketosteroids decreased 
to 9.6 mg. per 24 hours with a reversal of the alpha-beta ratio. However, 
estrogenic acthdty was not decreased, being equivalent to 9.5 micrograms 
of alpha-estradiol benzoate per 24 hours. Analj'sis of the tumor showed no 
17-ketosteroids although estrogens were found (data concerning the exact 
amount are not available). In our patient the excretion of 4 mg. of 17- 
ketosteroids per 24 hours was slightly greater than usually found at the 
the age of 5 years, but less than that of a normal adult. The estrogenic 
acthdty of 5 rat units per day represented only a questionable slight in- 
crease for a boy his age. 

SUMMARY 

A 5-year-old boy vdth marked gjmecomastia was found to have an en- 
capsulated adenoma of the adrenal cortex. After removal there was a 
gradual decrease in the size of the breasts and no e^^dence of recurrence 
after four j'^ears. 

A 5i-year-old girl who had shown rapid \irilization over a period of six 
months was found to have an encapsulated tumor of the adrenal cortex. 
After operation metastases recurred in the abdomen and the patient died 
two years later. 

The feminizing tumor and the masculinizing tumor could not be differ- 
entiated histologically. In the case of gynecomastia the excretion of 17- 
ketosteroids was 4 mg. per day and small amounts of estrogen were demon- 
strated. The patient with virihzation excreted 22 mg. of 17-ketosteroids 
before operation and 124 mg. after the tumor recurred. Less than 1 per cent 
consisted of the beta fraction. 

Seventy cases of cortical adrenal tumor occurring in children under 12 
years of age have been re^'iewed and classified according to whether they 
presented symptoms attributable only to excessive androgen or whether 
they also showed obesity and other metabolic disturbances suggestive of 
excessive production of cortin. 

Ten cases of adrenal tumor causing gjmecomastia in adult males are 
reviewed and an unpublished case with extensive hormonal studies by Dr. 
AV. W. Scott is added. Our patient is the only instance of a feminizing 
adrenal tumor in a child. 
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THE EFFECT OF STARVATION ON URINARY 
17-KETOvSTEROID EXCRETION* 
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From the Department of Medicine of the University of Chicago 

C HRONIC illness associated with malnutrition, debility and eHdence 
of infection often leads to depression of urinarj' 17-ketosteroid values 
(1). Forbes et al. (2) report a rise in 17-ketosteroids following operations, 
fever or the sudden onset of an acute illness, followed bj" a decline after 12 
to 48 hours which often reached subnormal levels. We have confirmed this 
in an unpublished study in a subject ’with induced fever in whom food intake 
was maintained unchanged. The numerous eHdences, however, from stud- 
ies on rats (3, 4) and dogs (5) that androgen production by the testes is 
reduced during inanition suggests that undernutrition alone may often 
contribute to the depression of 17-ketosteroid excretion in human disease. 
Accordingly the effects of starvation in three normal men and one obese 
woman were examined, together with those of relativelj' mild protein and 
caloric restriction in two normal men. 

METHODS 

The procedure differed somewhat among the subjects. The woman (H.F., 
age 30) and two of the normal men (R. L., age 27 and R. W., age 25) were 
on a constant, adequate, self-selected diet prior to starvation. One normal 
man (D. P., age 26) ate as he chose from day to day. Starvation in aU 
instances lasted four days. R. W. was given 7 Gm. of salt daily in addition 
to water during this period. D. P. likewise received salt supplements; 
the others water only. The fast was terminated in all but R. W. by prompt 
resumption of the control diet. In R, W. four days of chiefly carbohydrate 
feedings (carb. 200 Gm., prot. 3 Gm., fat 0.6 Gm. daily) preceded resump- 
tion of the original diet. The men carried on their usual sedentarj^ occupa- 
tions throughout; the woman, although hospitalized, was up and about 
most of the time. 

Received for publication September 3, 1947. 

^Much of the work described in this paper was done under contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago. This work was Hkewise aided by a grant 
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has been previously reported in the Conference on the ^Metabolic Aspects of Con- 
valescence sponsored by the Josiah ^lacy, Jr. Foundation, 3rd meeting, March 12-13, 
1943 and 5th meeting, October S-9, 1943. 
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111 the protein depletion studies R. L. was shifted from an adequate 
control diet (carb. 282, prot. 108 (N 17.6), fat 158, cal. 2982) to alow pro- 
tein diet with some caloric restriction (carb. 308, prot. 6.6 (N 1.1), fat 55, 
cal. 1755) for eight days and then returned to the original diet. A. K. 
(age 43) shifted from the control (carb. 285, prot, 86 (N 13.5), fat 148, 
cal. 2861) through two increasing grades of protein and caloric restriction 
before resuming the original diet. These were respectively carb. 343, prot. 
29 (N 4.6), fat 85, cal. 2253 for .six days and carb. 295, prot. 10 (N 1,7), 
fat 41, cal. 1589 for four days. The usual sedentary occupations were 
maintained. 

In all subjects the 24-hour urine collections were checked for complete- 
ness by creatinine determinations (6). Urinary niti’ogen (7) was determined 
daily except in D. P. Analyses for stool nitrogen were not made and the 
estimated nitrogen losses given are from urine only. 

Total neutral 17-ketosteroids were determined daity. To confirm the 
course of the curves of excretion, L7-ketosteroids were measured in the 
ketonic fractions in numerous instances. Five hundred cc. ahquots of urine 
were hydrolyzed by boiling with 50 cc. of concentrated hydrochloric acid 
for 15 minutes, and then extracted with carbon tetrachloride for 2 hours in 
the extractor described by Consolazio and Talbott (8) . The Zimmermann 
reaction was carried out by the method of Holtorff and Koch (9) in which 
aqueous potassium hydroxide is used. Androsterone served as a standard, 
except with H. F., when it was unavailable. Here dehydro-iso-androsterone 
acetate was used and the values were expressed in terms of dehydro-iso- 
androsterone. The color was allowed to develop for 45 minutes. Color 
corrections for non-ketonic chromogens were not made. Engstrom and 
Mason(lO) have shown them to be inaccurate when applied in the Holtorff- 
Koch procedure. 

For ketonic fractions, which are useful with the Holtorff-Koch procedure 
(10), separation from the crude material was accomplished by reaction with 
Girard’s reagent T (11). 

Since practice still differs considerably in detail among several labora- 
tories measuring 17-ketosteroids, and since precise specificity is hardly 
claimed by any, the figures given have chiefly relative significance for the 
experiments at hand and will deviate somewhat in absolute amounts from 
those obtained by other methods elsewhere. The necessary change from 
androsterone to dehydro-iso-androsterone acetate as a standard in our 
own work presumably made some difference in the absolute values obtained 

( 12 ).^ 

1 Androsterone and dehydro-iso-androsterone acetate were generously supplied by Dr. 
Irwin ScbAvenk of the Schering Corporation. 
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The androgenic activity of certain specimens was determined by meas- 
uring the growth of the capon’s comb after local application of the neutral 
extract taken up in ether according to the method of Johnston and Koch 
(13). Ten birds were used in each assa 3 \ Androsterone served as the stand- 
ard and the results are expre.ssed in International Units (0.1 mg. andros- 
terone per unit). This method, Avhich is unpubli.shed, maj' be considered 
roughly comparable to the injection method of Gallagher and Koch (14). 
As used here the data ma 3 ' be con.sidered approximate onlj'. 

RESULT.S 

Fasting induced a progressive decline in the excretion of 17-ketosteroids 
in all 4 experiments (Figs. 1-4). This was alwaj's well defined bj' the third 
daj'^ and reached approximate!}^ 50 per cent of the baseline values b}"^ the 
fourth da 3 \ Spot determinations of the ketonic fractions paralleled those 



^ Fig. 1. The effect of starvation in a 30 year old woman on the urinary excretion of 
17'ketosteroids, nitrogen and creatinine. Control diet: carb. 214, prot. 71 (N 11.35), fat 
97, cal. 2013. x signifies ketonic fraction. The broken lines represent the average of con- 
trol values. 



13G 


LANDAU, KNOWLTON, ANDEESON, BEANDT, KENYON Volumes 


of total neutral 17-ketosteroids. Supplements of salt during the fast made 
no difference in the results. 

The course during recovery varied somewhat, depending upon experi- 
mental events. In H. F. and R. L. (Figs. 1, 2) 17-ketosteroids rose slowly 
and legulaily to the control levels after 7 and 4 days respectively of normal 



Fig 2. The effect of starvation in a 27 year old man on the urinary e.\'cretion of 17- 
ketosteroids, nitrogen and creatinine. Control diet; carb. 255, prot. 121 (N 19.3), fat 
1 73, cal. 3061. x signifies ketonic fraction. The broken lines represent the average of con- 
trol values. 

feeding. In R. W. (Fig. 4) the consumption of 200 grams of carbohydrate 
daily to terminate the fast brought about only a slight recovery of 17- 
ketosteroid excretion although nitrogen excretion was shaa'ply reduced. 
Full recovery to control 17-ketosteroid levels occurred only after 9 days 
of the normal diet. The sharp transient rise to 27 mg. in D. P. (Fig. 3) 
on the first day of refeeding may well have been due to the diodrast and 
insulin clearances, including painful catheterization, that were done as 
part of another study. Pincus’ review (15) may be consulted for an account 
of the extensive work of his own group on the stimulating effects of psycho- 
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motor activity on 17-ketosteroid excretion. The discomfort and reaction 
in D. P. may well be analogous to certain elements in Pincus’ experiments. 
Indeed, it is perhaps surprising that a phenomenon as labile as 17-ketQ- 
steroid excretion often seems to be, should prove so stable under the ordi- 
nary working conditions of our control studies. 

The androgenic actuity of selected samples of urine paralleled the 17- 
ketosteroid excretion in the three subjects studied. Since these data are 
not charted, they A^dll be recorded briefly here. In R. L. the androgens fell 
from a prefasting level of 95 I. U. per day to 40 I. U. per da 3 '' on the third 
and fovirth days of the fast. Assaj's on the first and fourth days of refeeding 



Fig. 3. The effect of starvation in a 26 year old man on the urinary excretion of 17- 
keto^teroids and creatinine. During the control periods the subject vras on a free diet, x 
signifies ketonic fraction. The broken line represents the average of control values. 

provided estimates in the neighborhood of 30 to 40 I. U. per daj'-. On the 
sixth day of recovery a value of 75 I. U. per dai*- was reached. In D. P. 
the initial value of 45 I. U. per day was reduced to 25 I. U. per day on the 
third and fourth daj'-s of the fast. In R. W. two prefasting estimates were 
55 and 85 I. U. per day. Days 3 and 4 of the fast gave estimates of 30 and 
15 I. U. per day respectively, and the fourth day of carbohydrate diet, 
only 30 I. U. per day. On the ninth das"^ of refeeding an excretion of 50 1. U. 
per day was estimated. Since most of the androgenicity of normal urine is 
attributable to androsterone, these findings indicate a decline in the excre- 
tion of this steroid roughly paralleling that of total 17-ketosteroids. 

The moderate nitrogen depletion produced in A. K. and R. L. by the 
low protein diets, somewhat restricted in caloric value (Figs. 5, 6), did 
not alter 17-ketosteroid excretion. Although the amount of nitrogen lost 
(A. K. 34 Gm. in 10 days; R. L. 43 Gm. in 8 daj’^s) approximated that 
lost by the fasting subjects (R. L. 46 Gm., R. W. 43 Gm., H. F. 35 Gm., 
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each in 4 days) the physiological significance of the two types of nitrogen 
depletion may well differ sufficient!}'- to mar comparison. In anj' event 
no evidence is adduced for any special sensitivity of the forces governing 
17-ketosteroid production and excretion, to substantial reduction in pro- 
tein intake. 

Our attempt to measure testicular function indirectly during fasting by 



Fig. 4. The effect of star'^'ation in a 25 year old man on the urinarj' excretion of 17- 
ketosteroids, nitrogen and creatinine. Control diet; carb. 308, prot. 84 (N 13.4), fat 125, 
cal. 2693. Diet I: carb. 200, prot. 3, fat 0.6, cal. 821. x signifies ketonic fraction. The 
broken lines represent the average of control values. 

determining the urinary acid phosphatase excretion may be mentioned 
briefly, chiefly for the purpose of pointing up the necessity of developing 
corroborative measurements of testicular function when 17-ketosteroids 
are followed in the normal male. This enzj'me is contributed in substantial 
part by the prostate and is excreted in the urine with some degree of con- 
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stall cy in a given individual when discharge of seminal fluid is avoided. 
This phenomenon is indicated by a sharp peak in excretion which greatly 
exceeds the values usually obtained. In R. W. five control values ranged 
from 360 to 1050 (King Armstrong) units (avg. 592) per day. Values dur- 
ing the four days of fast ranged from 304 to 724 units (avg. 443) ; during 
the four days of carbohydrate feeding from 570 to 612 units (avg. 594) ; 



Fig. 5. The effect of low protein diets in a 43 year old man on the urinary excretion 
of 17-ketosteroids, nitrogen and creatinine. Control diet: carb. 2S5, prot. S6 (N 13.5), 
fat 148, cal. 2861. Diet I: carb. 343, prot. 29 (N 4.6), fat 85, cal. 2253. Diet II: carb. 295, 
prot. 10 (N 1.6), fat 41, cal. 1589. x signiBes ketonic fraction. The broken line represents 
the average of control values. 

and during the ten days after return to the original diet, from 320 to 712 
(avg. 446), vuth no e^udence of progressive change. In D. P. four baseUne 
values ranged from 864 to 1159 units (avg. 1030); four during fasting, 
from 634 to 828 (avg. 748) ; and three during recoverj'-, (excluding one of 
3815, due presumably to seminal discharge) from 366 to 568 (avg. 491), 
with no progressive change. Little e\ddence of depressed testicular func- 
tion during fasting can be extracted from such data. We are ignorant how- 
ever of the time required for given degrees of testicular impairment to be 
reflected in prostatic involution, as represented by declining urinary* phos- 
phatase levels. It is thus by no means certain that our fasts were long 
enough to indicate diminished androgen production measured in this way. 
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COMMENTS 

A consistent decline in the urinary excretion of total neutral 17-keto- 
steioids, confirmed by determinations of 17-ketosteroids in the ketonic 
fraction after Girard separation, was clearly defined by the thii-d day of 
fasting in the three men and one woman studied. Estimations by biological 
assay indicated a parallel influence on the androgenic constituents. Such 



Fig. 6. The effect of a low protein diet in a 27 year old nian on the urinary excretion 
of 17-ketosteroids, nitrogen and creatinine. Control diet: carb. 282, prot. 108 (N 17.6), 
fat 158, cal. 2982. Diet I: carb. 308, prot. 6.6 (N 1.1), fat 55, cal. 1755. x signifies ketonic 
fraction. The broken line represents the average of control values. 

changes may be produced by any process which influences the rate of secre- 
tion of hormonal or other precursors concerned; the utilization of such 
hormones by receptive target cells; or the decomposition of such hormones 
and the conjugation and excretion of their resulting derivatives. Inter- 
pretations must accordingly be qualified by the uncertainties surrounding 
these events. 

It is unlikely that the withdrawal of immediate dietary precursors is 
responsible. The low 17-ketosteroids in those patients with hypopituitarism 
and in women with Addison’s disease who are eating normally or nearly so, 
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demonstrates that food does not inevitably supply 17-ketosteroids or their 
precursors. The possibility that food or a plij-siological substance such as 
bile, active in the handling of food, may contribute 17-ketosteroids onl}’^ 
under the mediation of pituitarj' or adrenal secretions is ■without support- 
ing evidence. Sharp reduction in protein intake did not induce the charac- 
teristic changes of starvation. 

Inanition interferes with the inactivation of secreted estrogens by the 
liver (16), a process which may well be essential to the derivation and con- 
jugation of steroids ultimately appearing in the urine. Should starvation 
similarly impair hepatic manipulation of the precursors of 17-ketosteroids, 
declining urinary excretion maj’ reflect liver damage rather than altered 
secretion of hormones. 

The testis, the adrenal cortex and possibly the ovary contribute hormo- 
nal precursors of 17-ketosteroids. In both rats (4) and dogs (5) starvation 
does eventually depress testicular androgen production. Since reactmty to 
gonadotropins is preserved, the testicular defect is presumably secondary to 
diminished pituitary stimulation. Such an effect would account veiy^ weU 
for the reduced 17-ketosteroids in our men, although our attempts to cor- 
roborate such an explanation by folio-wing urinary acid phosphatase were 
hardly definitive. 

The extent of ovarian contribution to urinary 17-ketosteroids in the 
normal woman is not entirely clear. It is no-w usually assumed that the 
relatively normal values observed some time after castration and the very 
low values in women with Addison’s disease, in contrast to the less strik- 
ingly reduced values in men with Addison’s disease, together demonstrate 
that the ovary, unhke the testis, makes no such contribution. Such con- 
siderations suggest that if the parallel decline in urinarj^ 17-ketosteroid ex- 
cretion during starvation in the two sexes is to have a common explana- 
tion it should be sought either in adrenal defect or in peculiarities of hepatic 
function rather than in the gonads. The experience of Scott and Vermeulen 
(17), however, deters us from pressing this point too firmly. In older men 
castration for prostatic cancer induced only a temporar}'" decline in urinary 
17-ketosteroid excretion. Until such carefully constructed experiments are 
available on women, we hesitate to use normal values some time after 
castration as fairly representing all phases of the response to loss of ovarian 
secretion. Our four day starvation, of course, would correspond in time to 
the early days after castration. To our minds for the moment, ovarian 
defect arising from starvation is not certainly excluded from responsibility 
for the declining urinary 17-ketosteroids of our woman. 

It is possible in these experiments that depression of adrenal cor- 
tical secretion has occurred during stan'ation. In fasting rats h 3 ’per- 
trophy of the adrenal cortex has been demonstrated (18), and interpreted 



142 


LANDAU, KNOWLTON, ANDERSON, BRANDT, KENYON Vohme S 


as meaning the participation of adrenal agents in the mobilization of glu- 
cose from tissue precursors (19). To the extent that such a process in man 
is reflected in urinary 17-ketosteroid excretion, one would expect an in- 
crease rather than a decrease during starvation. Many uncertainties, how- 
ever, surround our understanding of the nature of the adrenal precursors 
of 17-ketosteroids in man. During starvation one would expect the en- 
hanced secretion of a glucose-mobilizing, gl 3 '^cogen-depositing, nitrogen- 
expelling substance similar to corticosterone or its near relatives. Only 
recentl}'^ Thorn (20) and Mason (21) and their associates have demon- 
strated rising urinaiy 17-ketosteroids after the administration of adreno- 
tropins to man. In the experience of the Boston group the physiological 
effects were reminiscent of the properties of corticosterone or one of its 
relatives. The detailed studies of Venning and Browne (22), however, con- 
ducted largely after damaging events have not shown a strict agreement 
between the excretion of 17-ketosteroids and that of the clearly adrenocor- 
tical-like compounds of human urine. The suggestion (23, 24) that certain 
cortical precursors of normal 17-ketosteroids are anabolic and androgenic 
substances and hence unlike corticosterone or a near relative, should be 
kept in mind. To the extent that urinary 17-ketosteroid excretion reflects 
the activities of such a hypothetical agent, the phj'-siological meaning in 
terms of nitrogen metabolism, for example, may be quite different from 
and indeed opposite to any reflection of the activitj'’ of a corticosterone- 
like compound. 

Since possible precursors of 17-ketosteroids may exert either anabolic or 
catabolic influences on body protein, the relation between 17-ketosteroid 
excretion and the behavior of tissue protein in these experiments will be 
briefly summarized. No strict correlation between nitrogen excretion and 
17-ketosteroid excretion appears from our data. Thus while in B, L. (Fig, 2) 
nitrogen excretion declined during fasting from the initial high values of a 
diet rich in protein somewhat in advance of the decline in 17-ketosteroid 
excretion, in R, W. (Fig. 4) urinary nitrogen rose above the control level 
as 17-ketosteroid excretion declined. Furthermore the termination of the 
fast by carbohydrate feedings in R. W. elevated 17-ketosteroids only 
slightly at a time when nitrogen excretion was sharply reduced and the 
rapid rise in nitrogen excretion on refeeding the original diet was followed 
only gradually by a rise in ketosteroids. In H. F. (Fig. 1) the later fasting 
values of urinary nitrogen corresponded with those of the control period, 
although 17-ketosteroid excretion was depressed. In A. K. and R. L. (Figs. 

5, 6) the decline in nitrogen excretion on the low protein diets was unac- 
companied by a distinct alteration in 17-ketosteroid excretion. Thus, al- 
though steroids with anabolic properties of a generalized character reduce 
urinary nitrogen excretion, no evidence from 17-ketosteroid excietion is 
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adduced here that they participate in any immediate and direct manner 
in those adjustments of the organism to variations in food consumption 
that are expressed by urinary nitrogen excretion. Nor do the variations in 
ketosteroid excretion fit the activities of a catabolic agent any better than 
they do those of a presumed anabolic agent. It is accordingly entirely likely 
that these variations are secondary and may be the result of pituitary in- 
acti\'itj' induced by starvation, although they may represent processes 
that once expressed, are of some eventual metabolic value. It is possible, 
for instance, that any reduced anabolic force reflected in diminished 17- 
ketosteroid excretion during fasting would facilitate dissipation of tissue 
proteins by an active catabolic agent. Such a possibility is to be distin- 
guished from immediate and direct responsibility for a process. 

It is thus difficult to read a direct and simple interpretation of secretory 
phenomena from variations in 17-ketosteroid excretion in normal men and 
women subjected to starvation. In any event it is apparent that starvation 
is one factor in illness that will contribute to lowering urinary 17-ketoster- 
oid values in either sex, and that restoration does not readilj” occur on small 
carbohydrate feedings only. On the other hand loss of nitrogen from the 
body induced by low protein diets with moderate caloric restriction has 
little effect on 17-ketosteroid excretion even when the amount lost approxi- 
mates that due to starvation. It is possible that the rate of nitrogen dis- 
charge or the differing source and physiological significance of that dis- 
charged determines the difference in response of 17-ketosteroids. More 
extensive protein depletion might well, of course, pro%’ide a response not 
indicated in these brief experiments. 

SUIvIMARY 

1. In three normal men and in one obese woman starvation for four 
days produced a decrease of 50 per cent in the excretion of total neutral 
17-ketosteroids and of those in the ketonic fraction after Girard separation. 
The effect was well defined by the third day. With restoration of a normal 
diet the values returned to their pre^dous levels in about a week.. In those 
studied (men), urinary androgen excretion was found to parallel that of 
17-ketosteroids. 

2. In two normal men no significant alteration in 17-ketosteroid excre- 
tion was produced by a diet low in protein and somewhat restricted in 
calories within the 8 to 10 daj^ period of study. 

3. More precise information concerning the source and metabolic path- 
ways of the precursors of urinary 17-ketosteroids must be forthcoming 
before exact interpretation is possible. 

4. Inanition is one factor that will cause a lowering of urinarj' 17-keto- 
steroid excretion in disease. 
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A COMPARISON OF ORAL AND VAGINAL 
EPITHELIAL SMEARS 

DANIEL E. ZISKIN, D.D.S. and RUTH MOULTON, M.D. 

Frov} the School of Dental and Oral Surgery and College of Physicians and 
Surgeons, Columbia University, Neio York 

T his study was undertaken for the purpose of comparing the relative 
merits of oral and vaginal epithelial smears in an attempt to simplify 
or supplement the clinical method of appraising the endocrine changes 
during the ovarian cycle in Avomen. Vaginal smears have been shown to 
be useful in studying the menstrual cycle, and it was felt that similar 
changes might be reflected in the oral mucosa since the latter possesses 
certain features in common with the vaginal mucosa, when examined his- 
tologically. For example, both areas may simultaneous^’' present signs of 
leukoplakia, lichen planus, ulcers, and other diseases. On the other.hand, 
there are differences. The 02:al mucosa, is composed of more Ia3^ers of cells 
than the resting vaginal mucosa; the outer basal cell layer and the inter- 
mediate and superficial cell layers of the vagina do not haA’'e exact counter- 
parts in the oral epithelium; the cornified cells, when present, comprise 
the most superficial layer in the oral epithelium AA’hile in the A’^aginal epithe- 
lium the intermediate la3''er sheds the cornified cells. Despite these differ- 
ences, if it could be established that the oral mucosa undergoes rhythmic 
changes as does the vaginal mucosa, the oral smear might prove to be 
another means of indicating certain hormonal conditions. In some cases, 
this method could present adA’-antages over the A’'aginal smear as it is a 
simpler operation, involves fewer technical difficulties, could be applied to 
both men and women, and does not arouse the negative emotional response 
which often hampers or contraindicates the taldng of vaginal smears. 

Observations were made on a group of Avomen complaining of orolingual 
pain. These patients Avere placed on estrogen therapy and AA’^ere studied in 
connection Avith the orolingual problem, AA’^hich is reported elseAAkere (1). 
This group, plus others in estrogen depriA’'ation states, also proA’^ided the 
experimental material for the present report, on the theory that the process 
of epithelial restoration could be more readily folloAved by means of oral 
and vaginal smears in a series receiving substitution therapy than in Avomen 
Avith normal estrogen function. 

We Avere guided by Papanicolaou’s original Avork on A’^aginal smears (2) 
together Avith later amplifications by Papanicolaou and Shorr (3) (4) and 
others (5,6, 7, 8, 9). The conclusion to be draAvnfrom these studies is that 
the proper use of dailj’^ vaginal smears enables the investigator to folloAV 
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major de^^ations in ovarian hormone functions as well as important 
changes during the menstrual cycle. 

In order to emphasize the status of hormonal action on the oral mucosa, 
a sununary of certain experimentation is interjected before describing the 
present problem further. 

SOME PREVIOUS STUDIES OF HORMONAL EFFECTS 
ON ORAL ]MUCOSAE 

One of us (Ziskin) studied the effects of ovarian and other hormones on 
the oral mucous membranes.^ Estrogens were injected into rhesus monkeys 


Fig. 1. Monkey 209. Female macacus 
rhesus. Normal mucous membrane. The 
keratin layer is absent, as in the human 
tissue. X750. 

Note: All tissue sections (Figs. 1 to 13, 
inclusive) are from female macacus rhesus 
monkeys weighing from 2 to 4 kilograms. 
The term "gingival,” as used here, refers 
to the hard, pink gums; the term “mucous 
membrane,” to the tissue immediately be- 
yond the hard, pink gums and extending 
to the muco-buccal reflection; the term 
"cheek mucous membrane,” to the lining 
of the cheek. 


in the following categories: 1) castrated, 2) hj^jophysectomized, 3) normal 
immature, 4) sub-adult, 5) adult female, and 6) adult male. In all six groups 
the clinical result of estrogen injections was the production of gingival 
hjTpertrophy. This was seen by an amelioration of ginghdtis, if present, 
and by a thickening and blanching of the gingivae. 

The usual gross dermal changes, such as reddening and wrinkling of the 
sex skin, were observed. Microscopically, the gingival changes seen clini- 
cally proved to be hyperplasia (Figs. 16 and 17). Normal oral mucous mem- 
branes do not show surface keratin as do the gingivae (Figures 1, 14, 15) ; 
yet, after the estrogen injections, there was a definite layer of keratin on 
all mucous membranes (Fig. 6) . The normally keratinized gingivae became 
hyperkeratinized as e\ddenced by a thickening and maturation of the sur- 

* See References (10, 11, 12, 13, 14). This review is included as background because it 
presents certain factors influencing the epithelial structures of the oral mucosae. Since 
the major interest here centers around the absence, presence or modification of the 
keratin layer, the photomicrographs included were selected to illustrate these conditions. 
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face keratin in some (Fig. 17), and the formation of epithelial pearls in the 
prickle cell layer (Figs. 5, 16, 17). Mitosis was slightly increased. 

d’ho described changes wore seen in all categoi'ies, proportional to dos- 



Eic, 2. iMonkey 2M, 2J months castrate. 
Alticous membrane. Surface keratin is absent. The 
prickle cells arc smaller than normal, irregular in 
.size, hypcrchrom.'itic, .a ml j)yknotic. The nuclear 
membranes are prominent. Compare with Fig. 
l.XlOO. 
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Fig. 3. iMonkey 233. S months castrate. Mucous 
membrane. Fragmentation, jiyknosis, and lysis of 
cells; and generally marked tissue alteration of a de- 
generative nature. The changes are more severe than 
in Fig. 2, X340. 
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Fig. 4. Monkey 238. Hypophysectomized 
(complete) 47 days. Alucous membrane. Shows 
pyknosis, lysis of cells, fragmentation of tissue. 
Similar but more emphatic changes than seen m 
Fig. 3. XI 340. 
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age (within the limits of the capacity of the tissues), and were most 
prominent in those animals under treatment for the longest period of time. 

To test further the estrogen effect, pyridine extracts of the anterior 
pituitary gland, an extract of the urine of castrated women, and an ex- 
tract from blood serum of pregnant mares (equine gonadotropin), all 
known to have an ovarian follicle stimulating effect, were injected into 


Fig. 5. jMonkey 20S. Castrate. Shows the 
gingivae after the injection of 135,000 R.U. 
estrogen in 79 daj's. Note the liyperplasia of 
both the epithelium and connective tissue and 
the presence of epithelial pearls. X 150. 




Fig. 6. Same animal as in Fig. 5. 
Cheek mucous membrane. Shows hj^per- 
plasia and presence of a keratin layer 
where none is seen ordinaril}^ 


baby monkeys, into ^mung mature monkeys and into h3q)oph3>^sectomized 
monkeys (completeness of h 3 q 3 oph 3 ^sectomy demonstrated bj’' serial sec- 
tions of the capsule). In all, the characteristic estrogenic changes described 
above were induced (Figs. 7 and 8 ). 

The oral mucous membranes of castrated and h3q3oph5’’sectomized 
monkeys without estrogen replacement were also considered. In the for- 
mer, the changes varied in degree, depending on the length of the period 
of castration. The whole tissue stained faintl3'’ and became fragile, being 
torn easil3’^ while sectioning. The normal keratin-bearing areas showed 
parakeratosis, thinning, or loss of surface keratin. The prickle cells lost 
their horizontal arrangement. The cells were columnar in shape and 
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disposed in vertical rows. The intercellular spaces were widened, giving them 
undue prominence. The nuclei were shrunken and p^dcnotic and a moth- 
eaten appearance was seen in man}'- areas. The basal cells were small, 



Fig. 7, Moi)ke3’- 210. 
Shows tlie gingivae after 
treatment with gonado- 
tropic Iiormone extracted 
from the urine of castrated 
women. (13,800 cc, urine 
equivalent injected in 37 
da^'s.) The changes are 
hj’^perplasia and hj-^per- 
Iceratinization. Note simi- 
larity to Figs. 5, 16, and 
I7.X150. 


Pig. 8. Monkey 487. Mucous mem- 
brane. Hj^pophj'sectomized (complete). 
Treated with 5,675 units of an extract 
containing the gonadotropic hormone of 
pregnant mare serum (equine gonado- 
tropin) OA'er a period of 32 days. Note the 
presence of ari abnormal laj’-er of keratin 
on the surface. XI020. 



irregular in size, with hyperchromatic nuclei. The whole tissue was nar- 
rower (Figs. 2 and 3). The changes following hjTiophj'sectoniy were similar 
to the foregoing, but more severe (Fig. 4). 
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Several factors were found to modify the estrogen effect on the oral 
tissues of monkeys. Prominent among these was chorionic gonadotropin. 
iSIicroscopically, the keratin layer of the epithelium appeared diminished 
in thickness or absent entirely. A zone of parakeratosis was sometimes seen 
in this area. Extensive hydropic change was seen in the prickle cell layer, 
with pyknotic nuclei toward the surface. Hj'perplasia of the germinal 
layer was observed. The rete cones were elongated, pointed, and split fre- 
quently (Figs. 9 and 10). The chorionic gonadotropin may be partly re- 



PiG. 9 Pig. 10 

Fig. 9. Monkey 123. The pre-experimental gingivae. X300. See Fig. 10. 

Fig. 10. Gingivae of same animal as in Fig. 9 after treatment with a crude extract of 
pregnancy urine (chorionic gonadotropin) for 68 days. The change consists of loss of 
surface keratin replaced by a parakeratosis. Marked hj’perplasia is also seen. X160. 

sponsible for similar changes in the oral mucosa of pregnant women (15), 
(Figs. 21 and 22). 

The effects of progesterone in both castrated and normal female monkeys 
were also tested. The epithehal changes consisted chiefly of a diminution 
or alteration in the keratin layer and an altered appearance of the prickle 
cells, mainly in the upper half of the la 3 nr. In both groups, prickle cell 
nuclei were pyknotic, shrunken, irregular in size and outline, and, in some 
instances, fragmented. The changes noted were more extreme in the cas- 
trated animals. 

These experiments showed that estrogens in large quantities produced 
hj’perkeratinization of the oral mucous membranes while other internal 
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secretions or their absence resulted in modifications of the keratin forma- 
tion. 

Changes in gingivae and other oral mucous membranes, similar to those 
seen in the monkeys, were found in the biopsies of a group of women re- 
ceiving estrogen injections for gynecological disorders (Figs. 16 and 17). 

Oral biopsies from clinical cases with other endocrine disturbances sub- 
stantiated this e%ddence. For example, in a patient with Addison’s disease 
a hyper-estrogen condition is suggested, the altered estrogen metabolism 
affecting the surface keratin (Fig. IS). Conversely, in a child of 73'-ears with 
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Fig. 11. Alonkey 471. Clieck iinicous iiienibrane 
of normal animal injected with 92 n:g. of proges- 
terone in 30 daj'^s. Shows irregular outline and p 5 dc- 
nosis of surface cells, and increased prominence of 
nuclear membranes. Outline of nuclei in germinal 
cells is also irregular. X 1000. 
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Fig. 12. Same animal as in Fig. 11- Vaginal 
mucous membrane. Shoivs irregular outline of 
nuclei and increased prominence of nuclear mem- 
branes. XlOOO. 





adrenal hyperplasia, pseudohermaphrodism, hirsutism and accelerated 
osseous development, the gingivae showed a lack of normal surface keratin 
(Fig. 19). This lack was also noted in a female, age 21, with glandular 
dystrophy (of unknown etiology), hirsutism and secondary amenorrhea 

of recent origin (Fig. 20). . , - ^ ^ j . 

The inferences di’awn from this research suggested that stained scrapings 



Fchninr,,, 1.9/, S ORAL AND VAGINAL EPITHELIAL SMEARS 


153 


Fig. 13. ^lonkey 459. Castrate. Injected with C3 
mg. of progesterone in 31 days. Gingival section 
sliows irregular outlines of prickle cell nuclei. X710. 
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Fig. 14. D. W. Female, age 26. Normal gingivae, ISth 
daj' of menstrual cycle. This photomicrograph is included 
to illustrate the histology of the normal hum.an gingivae. 
The normal monkey’s gingivae are similar except that the 
layer of granulosa cells is absent. X117. 


Fig. 15. C.S. Alale, age 24. Normal mucous m.em- 
brane. The keratin layer is absent, the surface being 
composed of flattened nuclei. X560. 
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Fig. 1G. B.H. Peinale, age 31. Gingivae, 
after injections of 85,000 R.TJ. estrogen in S 
weeks for the treatment of scconclar}’’ 
amcnorrlica. The tissue sliows Iiyperplasia, 
hyperkcratinization and epitlielial pearls. 
XI 00. 
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Eig. 17. B.H. Female, age 41. The gingivae 
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Fig. 18. J.R. Male, age 29. The gingivae from a 
case of Addison's disease. Hj’^perplasia and h 3 "per- 
keratinization are in evidence. The implication is 
that because of adrenal cortical, insufficiency, the 
modification of the estrogenic effect is absent, thus 
making more endogenous estrogen available to the 
gingivae. XlOO. 
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Fig. 19. C.A. Mule, age 7. A case of adrenal 
Iiypcrplasia and pseudohermaphroditism; bone 
age 25 years; infantile ovaries and uterus re- 
moved; no testicular tissue found; hirsutism and 
enlarged clitoris gave masculine appe.arance. The 
gingivae show absence of surface keratin. The 
round pyknotic nuclei seen on the surface to- 
gether with the deeper-staining cidoplasm may 
constitute parakcrato.sis. Pyknotie nuclei and 
hydropic change appear in the prickle cell layer. 
The basal cells are small, irregular and widely 
spaced. The implication is that the excessive cor- 
tical secretion has a modifj'ing effect on the 
endogenous estrogen so that the estrogenic effect 
on the gingivae is reduced or absent. X336. 





Fig- 20. A.T. Female, age 21. A case of hirsutism with 
endocrine gland dj'sfunction of unknown origin, and sec- 
ondarj' amenorrhea of recent origin. The gingivae show an 
absence of surface keratin whieh may be attributed to a 
modification of the available endogenous estrogen. X224. 


from gingival surfaces might be useful in evaluating endogenous estrogen 
levels, and this hj^pothesis constitutes the basis for the present comparative 
studj^. 

METHODS 

The oral epithelial smears consisted of scrapings taken from the surface 
of the cheek mucosae and from the keratinized gingivae by lightl3^ passing 
a thin flat metal blade (spatula) over the tissues.- The vaginal smears 

- There are various levels of keratinization in the mouth: the hard palate would rate 
4 plus; the hard pink gums, 3 plus; and the cheek mucosa (which normally does nothave 
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were made by inserting into tiie vagina a glass tube to whieh was attached 
a rubber bulb, as desci'ibed by Papanicolaou (2). The cells shed from the 
vaginal walls were thus drawn into the tube. 

The cells from both areas were spread on glass slides and fixed in alcohol- 
ether (50-50). First, the oral smears were stained by AVeinman’s method 

Table L Stages of Cohnii'ication and Cell Types in 
Ohal and Vaginal* Epithelial Smicmis 


Stage of 
Coniification 


Percentage Predominant Types of Cells 

of Cornifi- and General Ajipcarance 

cation of Smear 


Stage 0 None 

(Atrophic smear) 


Stage I 1-15% 

(Resembles menstrual or early 
postmenstrual smear) 

Stage II 15-40% 

(Resembles follicular or copu- 
lative smear) 

Stage III 40-95% 

(Maximum estrogen rcsjionse. 

Resembles ovulatory smear) 

Stage IV 80-40% 

CResembles estrogen decline in 
tlie progestational phase) 


Pale blue, non-cornified cells with large 
vesicular nuclei predominant. Many small 
basal colls with blue cytoplasm in vaginal 
smear. 

Many non-cornified cells with some cornified 
forms with purplish cytoplasm and some 
smaller nuclei. Cells generally clumped. Many 
W.B.C. and cellular debris in vaginal smear. 
Many cornified red cells with small dark 
pj'-knotic nuclei. Remaining cells purplish, 
prccornified forms. 

Most cells cornified. Cells distinct and sepa- 
rate. Vaginal smeai’ “clean" with minimum 
number of W.B.C. 

Both cornified and noncornified cells. Frag- 
mented, anucleated, degenerative forms. 

In vaginal smear, cellular debris and W.B.C. 
return. 


* Compare description of cells with that of DeAllende, I.L.C., Shorr, E., and Hart- 
man, C. G., "A Comparative Study of the Vaginal Smear C,ycle of the Rhesus Monkey 
and the Human,” Carnegie Institution of Washington. Publication 557. Contributions 
to Embryology. XXXI, 1-26, December 22, 1943. 


(16), using the the Ernst modification (17) of the Gram stain; and the vag- 
inal smears were given the Shorr modification of Masson’s trichrome stain 
(18). Later, the Gram stain was discarded and the Shorr method was used 
for both. 

The oral and yagmal smears were taken simultaneous!}'' from normal 

a definite Iceratin layer) occasionally 0 to 1 plus. In this series, scrapings from the cheek 
were used wherever possible because they took the Shorr stain as effectively as the 
vaginal cells and, therefore, facilitated comparison. Gingival smears were taken when in- 
dicated. 
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menstruating women. Readings were made by each of us, independently, 
and then compared and uniformly recorded. After ascertaining that the 
major changes in cornification of the vaginal smenr were reflected in the 
oral smear, a. scries of cases in various endocrine states was studied in 
greater detail. 

In cases where the menstrual cycle was absent, changes in cornification 
resulting from estrogen or other therapy were recorded in stages graded I, 


Tablk 2. Effect of Estrogenic Treatment on Epithelial Smears 
OF Ten Postmenopausal "Women* 




tr. 

ti 

tc 

1 

c 


Stages of Cornification 



Case 

Age 

Years 

C3 

rc 

5 

eri 

“c 

cc 

3 ^ 

Before 

Treatment 

During 

Treatment 

-Mter 

Treatment 



O 

0^ 

m 

M 

a 

o 


Vag. 

Oral 

Vag. 

Oral 

Vag. 

Oral 

No. 7. .\.G. 

54 

5,5 

21 




I 


II 

I 

1 

No. 8, C.H. 

56 

15 

50 




0 

Ill 

II 



No. 9, A..\. 

55 

10 

46 




I 

II 

II 


I 

No. 10, R.S. 

56 

9 

12 




I 

III 

II 


I 

No. 11, S.Y. 

52 

3 

9 


- 40,000 

II 

III 

III 

II 



No. 12, B.Il. 

56 

10 

16 

56 


I 

0 

III 

I 


0 

No. 13, E.C. 

55 

12 

13 

75 



I 

III 

I 


I 

No. 14, F.S. 

58 

8 


200 

100,000 


I 

III 

I 

• 

I 

No. 15, B.P. 

58 

6 


80 

40 ,000 

I 

I 


II 


I 

No. 16, J.E. 

54 

1 

2 


80 

90,000 

I 

I 

II 

II 

I 

I 


* Stilbestrol was given in doses of 1 mg. daily; benzcstrol 2 mg. daily; and estradiol ben- 
zoate 10,000 rat units weekly. Duration of treatment may accordingly be estimated from 
the total doses listed. 


II, III and IV, since the phases of the menstrual cycle did not exist. The 
cornification stages are explained in Table 1 and illustrated in Figure 23. 

EXPERIMENTAL PROCEDURE 

Oral and vaginal smears were compared in a group of 23 women. Case 1 
was that of a girl with secondary amenorrhea; Case 2 was a normal preg- 
nancy; Cases 3 to 6, inclusive, were in menstruating women with fairly 
normal cycles; Cases 7 to 16, inclusive, comprised ten middle-aged women, 
all menopausal, presenting the complaint of oral burning (tongue or gums) 
or dryness of the mouth and throat; and seven women of menopausal age 
(Cases 17 to 23, incluswe) without oral complaints, to serve as controls for 
the ten cases of glossodjmia. 
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The vaginal and oral smears, treated with the Shorr stain, presented 
ceitain diffeiences as well as some features in common. The dissimilarities 
were as follows: 

1) No basal cells ^vere seen in the oral smears. 

2) The cytoplasm in the precornified oral cells showed purple granules 
and stained moie deeply than the vaginal. The oral cells and nuclei were 
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Fig. 21. B.E. Female, age 27. Eiglith month of 
pregnancy (multipara). A section from the gin- 
givae. Note loss of surface keratin, hyperplasia, 
downgrowth of rete cones, and inflammatojy exu- 
date in lamina propia. XI 50. 


Fig. 22. Same case as in Fig. 21 
mucous membrane. Changes are 
Fig. 21. X336. 


. A section from the 
similar to those in 



smaller than those in the vaginal smears and the nuclei were more pylmotic. 
(The oral precornified cells are the counterpart of those vaginal cells char- 
acteristic of the copulative phase of the menstrual cycle.) 

3) The white blood cells seen mostly at ovulation in the vaginal smear 
were rarely found in the oral smear. 

The following are the main points of similarity: 

1) The non-cornified cells of the oral smears showed a pale grey-blue 
cytoplasm with large vesicular nuclei resembling the vaginal cells found 
most plentifully in the menstrual and postmenstinal smeais. 
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Fig. 23. Oral epithelial smears stained ivith the Short trichrome stain and illustrative 
of the four stages in cornification. Stage 1: menstrual and postmenstrual phase. Stage II: 
copulative phase. Stage III: preor-ulatory and ornilatory phase. Stage IV: estrogen xnth- 
drawal phase; and degenerative forms. 
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2) The fully coniificcl oral cells were for Mie most, pni'i; seen to be discrete 
and red (eosinophilic). >Somc had dark, pyknotit! micka, others Avcrc anu- 
cleated, and still others showed a vacuole iu ( he caaitcr wlicre t he nucleus 
had dropped out, or a clear halo around a degenerated nucleus. (Tho.se 
oral cells are the counterpart of the vaginal cells charact erist ic of the time 
of ovulation. Thej'^ are found most, commonly in scrapings from the gums.) 

3) The postovulatoiy or progestational i)hase of the cycle was typified 
in both groups by degcnerat.ed, folded, and fi'agmented cells, usually 
clumped together (Fig. 23). (The histological sections from progesterone 
treated monkeys (Figs. 11, 12, 13) also show distorted and fragmented 
cell outlines and may explain the forms described here.) 

PROTOCOI^ 

Case 1. G. A., a 19-3’car'Old girl with .secontlar\’ amciiorrlioa, was .‘Studied for .seven 
months bj’- oral and vaginal smears. Her ameiiorrhea was of three years dur.ation, the 
menstrual function having been fairly normal from the thirteenth to the sixteenth year. 
Medical stud}’-, with special emphasis on the metabolic and endocrine aspects, failed to 
reveal an}’- ph}’sical factors other than malnutritioji resulting from anore.xia. There were 
evidences of psychological factors as possible causes of the amenorrhea. Most of the 
vaginal smears showed low cornification of from 5 per cent to 15 per cent, and resembled 
smears taken during the postmenstruation period when there is little estrogen ctTcct. 
There were two notable exco])tions: cornification of 40 ])er cent was seen on April 11 and 
June 26. Cornification was likewise low in all of the cheek smears with four exceptions; 
April 11, May 3, June 17, and June 26, which were Stage II cornification. It is significant 
that on two of these dates, April 11 and June 26, the spectacular rise in cornification seen 
in the oral smears coincided with highly c*ornified vaginal smears. The gums throughout 
were swollen, soft, and spong}^ They bled easily, and the surface epithelium was readily 
shed. This was accounted for b}’- low coniification and, probably, depressed estrogen effect. 
Scrapings for the epithelial smears were takeji with ease in contrast to the usual difficult}' 
encountered in cases of hard, firm gums. Although the cause of the co 2 -nification peaks is 
obscure, it is pertinent that both mucosae were affected simultajieously in these tv’o 
instances. 

Case 2. R.F., a woman 29 years of age. An uncomplicated pregnancy was studied by 
means of vaginal and oral sinears taken at weekly intervals from the first month until 
five weeks after delivery, ex'cept that during the crucial two Aveeks starting the da}^ be- 
fore delivery they were a daily procedure. The A'-aginal smears seen during the 10-da}’ 
period following delivery were obscured by blood. All others Avere satisfactory. 

In the first month of pregnancy, the vaginal smears shoAA’ed a cornification of from 15 
per cent to 20 per cent (Stages I and II), and Avere "dirty” Avith many Avhite blood cells 
and debris. As pregnancy progressed, cornification fell, until by the sixth month cornified 
cells were rare; but they increased to about 1 per cent during the tAvo weeks before de- 
livery. The vaginal smears became cleaner, especially during the seventh and eighth 
months but debris and Avhite blood cells increased again in the last month. During the 
first eight mouths the cells became progressively smaller and inore folded and Avrinkled, 
with an increasing predominance of the “oyster” and “naAdcular” cells typical of preg- 
nane}’. Five days before delivery the cells appeared plumper; the day before deliA’ery, 
at the'onset of labor, they Averc A’esicular. Little could be ascertained from the A’aginal 
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siiipnrf for ^ovcral dnys after (irlivcry, except that cornification was low. On the ninth 
day post partuin, cornification .suddenly increased to about 10 per cent and remained at 
aiiproxiinately that level for the balance of the experimental period. Basal cells were seen 
d\irinp: the third jwst jvirtvnn week. 
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The cheek smears showed low cornification (about Stage 0 to I), as in normal women, 
for six months, after wliich there Avas a drop (Stage 0). The latter level remained more 
or less constant during the rest of the observation time. The cheek muco! 5 a, being the 
least keratinized of the oral mucosae, did not .seem to reflect the estrogen changes in this 
case. However, interesting alterations were .seen in the gums. Here cornificatioii was 
unusualU^ low tliroughout the entire pregnancy (Stage O-I as compared witli Stage III 
normall.y)- It rose to Stage II ten days after dcliverj', remained at that level for about 3 
weeks, and then fell to Stage I. The gum smears were “dirty” throughout except for the 
first three days after deliverj’’, when they were “clean.” There was an increased tendency 
to gingival bleeding which persisted until the fifth or sixth postpartum da}'. 

These findings disclose striking similarities in the abnormally low cornificatioii noted 
in both gum and A'aginal smears throughout gestation, and the increased cornification 
on the ninth day postpartum in the vaginal smear and on the tenth day postpartum in 
the gum smear. Since the vaginal cornification rose prior to delivery, and tJie oral did not, 
the vaginal smear would seem to be a more sen-sitive indication of the hormonal changes, 
and would appear to be in agreement with other methods of hormonal assay (19). 

Another outstanding difference was the presence of the ''o}'ster” and “navicular” 
cells in the I'aginal smear during gestation, for which no oral counterpart was seen. To 
our knowledge there is no adequate description in the literature of cither oral or vaginal 
smears during pregnancy with which these observations may be compared. 

The following four cases represent observations on the. menstrual cycle. 

Case 3. Mrs. B., 26 years of age, ivas studied for three months by means of daily oral 
and vaginal smears. The patient had a menstrual history of aA'cragc regularity. Physical 
c.vamination rcA'ealed no abnormalities. One cycle is reported here because the A'aginal 
smears followed the typical pattern described for the normal menstrual cycle (Fig. 24). 
The peak in estrogen effect on the cheek smears Avas seen one day before presumptiA'e 
evidence of ovulation AA'as manifest in the A'aginal smear. During the last few days of the 
c}''cle the cheek smears were not “clean” and clear-cut as in the beginning. There AA'ere 
many wrinkled, fragmented, anuclear cells AA'hich AA'ere comparable to the A'aginal cells. 
However, these changes Avould not have been comdneing AA'ithout the vaginal smears for 
comparison. The gum smears in this case AA'ere unusually “dirty” throughout the three 
months and little could be learned from them. 

Case 4- Miss M., 30 }'ears of age, AA'as studied for six Aveeks Avith semi-AA'eekly smears. 
She had a history of years of irregular menstruation, AA'ith periods of from four to eight 
AA'eeks betAveen menses, but no dysmenorrhea. At one time she had taken an estrogen 
preparation for this complaint. The vaginal smears shoAved a change suggesting oA'ula- 
tion, but a full copulative smear Avas not seen, indicating a possible abnormal estrogen 
metabolism. The smear of Day 12 of the cycle Avas of the copulative stage, Avhile that on 
Day 15 Avas definitely postovulative. There Avas more than the usual amount of frag- 
mentation and cellular breakdoAvn before the next menstruation, probably indicating a 
' \oAV hormone level. The gum smears also Avent through some slight discernible cycle. 
The highest cornification Avas on Day 8, preceding ovulation. Cornification Avas loAvest 
from Day 18 to Day 27, Avhich correlates Avith the vaginal phase of Ioav hormone produc- 
tion and degeneration. 
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Case 5. Mrs. H., a 37-ycav old woman, had oral and vaginal smears taken daily for a 
month. She had a normal mental, phj'sical, and menstrual history, except that recently 
she had been c.xperiencing some pain in her breasts in mid-cycle. It was estimated from 
the vaginal smears that ovulation occurred about Day 12 in one cycle, but the copula- 
tive phase was not well dcvelojjcd. There were regressive changes on Days 7 and S, and 
also during the last third of the cycle. The cliange from the copulative to the progesta- 
tional phase in the gum smear was judged to occur on about Day 10. In the cheek smear 
there was a drop in cornification after Day S as well as an increase in bacteria, debris, 
and cell fragmentation. The highest cornification was evidenced on Day 9 in the gum 
smear and three days later in the vaginal smear, thus suggesting a general correlation. 

Case G. Mrs. A., 31 years of age, was studied psycbiatrically for IS months. Oral and 
vaginal smears were taken simultaneously for two ir.onths (Fig. 25). Changes in the 
vaginal eiiithelium were comparatively easy to follow and the ovulatorj' peak was fairly 
well defined. The cheek smears showed a peak of cornification and increased “cleanliness” 
during a four-day period which corresponded in time to ovulation, according to the 
vaginal smears. The progestational phase began simultaneously in both series of smears. 

Cases 7 to 16, inclusive, comprise ten middle-aged women whose chief complaint wa 
either “burning” of the tongue (glossodjmia), “burning” of the oral mucosae, or “dry- 
ness” of the mouth or throat. The usual causes listed for these complaints, such as 
pernicious anemia, achlorhj-dria, etc., were ruled out bj' physical examination. 

The patients were accepted in the order of their appearance at the clinic, no attempt 
being made at selection. All were past the menopause and in the fifth decade of life. 
Thej' were given an estrogenic substance: dieth 3 dstilbestro], benzestrol,’ or estradiol 
benzoate. In those instances where more than one drug was administered, the medica- 
tions were given at successive stages of the treatment, not simultaneouslj'. Generallj*, 
the dosages were as follows: Dietlndstilbestrol, 1 mg. per daj', orallj'; benzestrol, 2 mg. 
per daj', orallj"; estradiol benzoate, 10,000 n.u. a week, parenteralh' (Table 2). Oral 
and vaginal epithelial smears were taken at weeklj' intervals, or more frequently, and 
therapj' was extended over a period of from two to three months or longer. 

The vaginal smears in this experimental series were of the atrophic varietj*. The 
gingival smears showed a reduction in keratinization when compared with those of nor- 
mal 3 mung women. VTiereas a Stage III keratinization is characteristic of firm, healthj' 
gingivae, both the experimental cases (7 to 16) and control groups (cases 17 to 23) showed 
low gingival keratinization (Stages I to II). The gross appearance of the gingivae varied 
little in the two groups. 

In all the treated cases (7 to 16) there was e^'^dence of adequate vaginal response to 
the estrogen, with marked increase in cornification. Seven of the gingival smears in this 
group revealed an increase in cornification; three showed none. The cheek smears gave 
evidence of increased cornification in 7 cases, but the rise did not generallj- coincide 
with the vaginal response (it came from two to four weeks later) and was less intense. 
In both sets of smears, those patients receiving the diethjdstilbestrol gave the best 
results whereas the change in the cheek smears was minimal or absent in those treated 
with benzestrol or estradiol benzoate. 


® Product of Research Laboratories of Schieffelin & Companj’. 
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CONCLUSIONS 

From these studies it may be concluded that: 

1) ^ The oral and vaginal epitheliums show parallel changes in degree of 
cornification during the menstrual c^^cle, and during estrogenic treatment 
in deprivation states. 

2) Slight hormonal changes are more readily discernible in the vaginal 
smear than in the oral smear. Consequentlj’’, cyclic hormonal changes as 
seen in the normal menstrual cj'-cle may be better evaluated by means of 
the vaginal smear. 

3) Estrogen deprivation states produce low cornification in both sets of 
smears, while the response to estrogenic treatment is more strikingly 
demonstrated in the vaginal than in the oral smear. 

4) The vaginal smear, while not an infallible criteilon, is a better indica- 
tor of ovulation time than the oral smear. 

5) The oral smear, despite its technical advantages, cannot replace the 
vaginal smear as a method of determining hormone levels in women. 
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CHEMICAL ASSAY FOR "CORTIN” 

DETERMINATION OF FORMALDEHYDE LIBERATED ON OXIDATION 

WITH PERIODIC ACID 
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From the Thorndike Memorinl Lohoratorij^ Second and Fourth Medical Services 
(Harvard), Boston City Hospital, and the Department of Medicine, Harvard 
Medical School, Boston, M assachnsetts 

S EVERAL properties of adrenal corl.ical hormones have been utilized 
for their assa}'’. The more common bio-assays have depended upon 
the ability of iirinaiy extracts in adrenalectomized rats or mice a) to main- 
tain life (1), b) to protect against the effects of cold (2), and c) to promote 
the deposition of glycogen in the livers of fasting animals (3), Because 
these methods are tedious and prone to considerable biological variation, 
efforts have been made to develop chemical assays. 

The reducing power of corticosteroids ‘has been made the basis for two 
chemical assay's. One procedure emplo 3 ''s relatively crude (4), and the other 
more purified ketonic urinary extracts (5). 

The use of the periodic acid oxidation reaction for the estimation of cer- 
tain urinary steroids was proposed bj'- Fieser, Fields, and Lieberman (6). 
Under certain conditions the steroid remnant after oxidation is a 17- 
ketosteroid which can be measured by the Zimmermann reaction. Talbot 
et al. have used this reaction for the measurement of certain non-ketonic 
urinary steroids (7). However, the measurement of newly formed 17-ketos- 
teroids has not proved a reliable method for the estimation of urinar}’^ 
corticosteroids (8). 

Lowenstein and his coworkers (9) have proposed a method based on the 
quantitative measurement of the formaldehyde liberated b}'’ the oxidation 
of urinary extracts with periodic acid. In attempting to repeat the detailed 
procedure supplied to us by the authors, we encountered considerable diffi- 
culty. Reasonably reliable results were obtained with crystalline steroids. 
However, substances interfering with the color reaction were present in 
small amounts in commercial adrenal cortical extract and in large amounts 
in many urinary extracts. Because of this difficulty we have introduced a 
distillation step whereby the formaldehyde liberated by the oxidation is 
distilled into a sulfite solution leaving behind most of the interfering sub- 
stances. When the reaction with chromotropic acid is applied to the dis- 

Received for publication October 2, 1947. 
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tillate, the color formed is comparable to that obtained with known for- 
maldehyde solutions. The use of this reagent for the determination of formal- 
dehyde in biological fluids was described by MacFadyen (10). 

REAGENTS 

1. Chloroform, CP. 

2. Benzene, CP. 

3. Sodium sulfate, anhydrous, CP. 

4. Periodic acid reagent: 0.01 M. pota.ssium periodate,' in 0.15 M. 
sulfuric acid. 

5. Stannous chloride reagent: Di.ssolve 6 Gm. of stannous chloride in 
10 cc. of hot concentrated hydrochloric acid, dilute with water to a 
volume of 100 cc. Add a small amount of tin shot to stabilize the so- 
lution. Discard when turbid. 

6. Chromotropic acid stock solution; 5 per cent chromotropic acid." 

7. Chromotropic acid reagent: 4 cc. of chromotropic acid stock solution 
diluted to 100 cc. with 15 M. sulfuric acid. Make up fresh for every 
run. 

8. Alcoholic sulfite solution: 4 Gm. of sodium sulfite, CP, dissolved in 
100 cc. of 1 per cent ethyl alcohol. 

METHOD 

1. Extraction: A 24-hour urine sample is collected with 10 cc. of chloro- 
form as a preservative. The pH of a 200 cc. aliquot is adjusted to about 1.7 
with 5 M. sulfuric acid using an indicator paper.^ Extraction with 200 cc. 
of chloroform is carried out immediatelj' bj’^ shaking in a separatorj’- funnel 
for five minutes. The emulsion formed is broken by centrifugation and 
the chloroform layer is drawn off with suction. The remaining urine is 
re-extracted ndth 150 cc. and 50 cc. of chloroform successively in a similar 
fashion. The chloroform extracts are combined and dried over 40 Gm. of 
anfij’^drous sodium sulfate for 20 minutes. The solution is then filtered 
through fluted paper and the sodium sulfate is washed three times with 15 
cc. of chloroform. 

The extract is next evaporated to a residue (Fig. 1, Residue A) under 
reduced pressure and a temperature of about 40°C. Residue A is taken up 
in 10 cc. of benzene and filtered into a 50 cc. florence flask. The original 
flask is washed twice udth small amounts of benzene which are also filtered. 

' Obtained from G. Frederick Smith Chemical Co., Columbus, Ohio. 

- Obtained from Eastman Kodak Co., Rochester, New York. (l,S-dihjToxj'naphtba- 
lene, 3,6 disulfonic acid, practical.) 

’ "Accutint” paper £20, Anacbemia Ltd., Montreal, Canada. 
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The benzene extract is evaporated to dryness under reduced pressure at 
about 40°C, to form a residue (Fig. 1, Residue B). It is now possible to 
take up Residue B in 1 cc. of benzene and transfer it quantitatively to a 
small centrifuge separatory funnel’ using two washings of 0.5 cc. of benzene. 
The final benzene extract with a volume of 2 cc. is partitioned with 5 cc. 
of distilled water four times, centrifuging at a slow speed each time to 


A COLORIMETRIC METHOD FOR MEASURING STEROIDS 
LIBERATING FORMALDEHYDE 


I. EXTRACTION 


24HR URINE 


CXTWACT 200 CC ALIOUOT WITH 200,lfl0,50ec 
CHLOROFORM AT about pH 1. 7. COMBINE EXTRACTS. 


RESIDUAL URINE 


CHLOROFORM EXT 


li. OXIDATION 

AOUCOUS fftACTlOM AND 2 c« PCRlQQtC 
ACI0(0 OIM IN 0 ISM SULFURIC ACID) ARE 
ALLOWED TO STAND AT ROOM TEMPERATURE 
FOR 48 MIN. THEN I CC STANNOUS CMLOfilOE. 
6V«, AND 9 M SULFURIC ACID ARE ADDED. 

III. DISTILLATION 

OISTILL 9 «« INTO I C« ALCOHOLIC SULfiTE 
SOLUTION 


IV. COLOR FORMATION 

ADO See CHROMOTROPIC ACIO REACEHT TO 
See DISTILLATE. HEAT TO 100® C FOR 30MIN. 
ADO 2 ce 9 M SULFURIC ACID AND READ AT 
990 -up IN EVELYN PHOTOELECTRIC COLORI- 
METER. 


DRY WITH SODIUM SULFATE. EVAPORATE 

A 

TO RESIDUE IN VACUO AT LESS THAN 40 C. 


r 

RESIDUE 


RESIDUE 


RESIDUE A 


TAKE UP IN 10 ce BENIENE TRANSFER TO 
90«e FLORENCE FLASK. WASH WITH 9 AND 
9 cc BENZENE. 


BENZENE EXT | 

EVAPORATE TO RESIDUE IN VACUO 
AT LES S THAN 40* C. 

RESIDUE Bl 

transfer TO SMALL SEPARATORY IN 
■ I cc BENZENE, WASH WITH 0.8 ec BENZENE 

BENZENE EXtI 


EXTRACT WITH 5ec WATER FOUR TIMES 


BENZENE FRACTION 


AQUEOUS FRACTION 


Fig. 1. The extraction and assai'- procedure in outline form. 


break any emulsion. The combined aqueous fraction has a volume of 20 cc. 

2. Oxidation; Two cc. of periodic acid solution are added to 4 cc. of 

aqueous fraction and also to 4 cc. of distilled water which is carried through 
the assay as a blank. Oxidation is allowed to proceed at room temperature 
for 45 minutes. Excess oxidant is removed by the addition of 1 cc. of stan- 
nous chloride solution, forming a white precipitate. 1 . 

3. DistiUation: The oxidation mixture is transferred quanbtatively to a 
small distilling flask® with three 1 cc. washings of 5 M. sulfuric acid, bring- 


glass separatory funnel of 15 cc. capacity designed to fit a centrifuge cup 
ilacalaster Bicknell Co., Cambridge, Mass. 
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ing the total volume in the flask to 10 cc. Distillation is carried out by 
heating vith a micro burner until slightlj’- less than 50 per cent of the solu- 
tion has been carried over. The distillate is collected in a 15 cc. graduated 
centrifuge tube to which is added 1 cc. of sulfite solution. The tip of the 
condenser is placed beneath the surface of the solution to prevent loss. 
The total volume in the recei^^ng tube is adjusted to 6 cc. by the addition 
of distilled water. 

4. Color formation: Five cc. of chromotropic acid reagent are added to 
3 cc. of distillate in an Evelyn colorimeter tube. The tubes are heated to 
100° C. in a water bath for 30 minutes and then cooled to room temperature. 
The vohune of solution is brought up to 10 cc. b}"^ the addition of 2 cc. of 

9 M. sulfuric acid and the optical density is measured in an Eveljm photo- 
electric colorimeter. The galvanometer is adjusted to 100 per cent trans- 
mission with the 550 mu filter, using the blank carried through the oxida- 
tive procedure mentioned above. 

5. Calculations: On a weight basis the amount of formal deh 3 ’^de formed 
bj’- the oxidation vith periodic acid should be approximatelj’' between 8 and 

10 per cent of the amount of steroid present, assuming that one mole of 
steroid liberates one mole of formaldehj’-de. The conversion factor which 
we have used in our calculations represents a 7.6 per cent liberation of 
formaldeh 3 ''de. In ^^ew of the indeterminate nature of urinarj’- corticos- 
teroids it is felt that this approximation is suflScientlj^ accurate for the 
present. After the isolation and identification of the compounds from the 
urine it may be possible to select a more accurate standard. The term 
“cortin” has been retained because of historical precedent, although 
“formaldehj^de liberating compounds” would be more accurate. 

Thus; 

Cortin, mg./day.ffi)iK)aO)_(V) 

200 

(D) = optical densitj’" = 2 — log G 

(K) =conversion factor of optical density to milligrams of cortin = 0.158. 
(10) = dilution factor of method 
(V) = total volume of 24 hour urine 
(200) = aliquot of urine extracted 

RESULTS 

The extraction .procedure we have used conforms in principle to that of 
Venning, Kazmin and Bell (11) as modified bj"^ Lowenstein (12). The ex- 
traction is not exhaustive and no doubt some losses occur, but a uniform 
technique has been utilized throughout so that the relative differences ob- 
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served probablj^ are significant. It has been demonstrated that acidification 
results ill almost a twofold increase in the amount of biologically active 
corticoids (8, 11). We have extracted aliquots of the same urine sample at 
three different pH values and the results are presented in Table 1. It is 
evident that considerably increased amounts of formaldehyde liberating 
compounds may be extracted at lower pH values. Heard, Sobel and 
Venning (4) have demonstrated a similar increase in urinary steroids 
when measured by their reducing power. The differences in the results 
obtained by us and Talbot et al. (5) may be explained by the fact that the 
latter investigators used unacidified urine and used Girard’s ketone reagent 
for purification of the extract. The reason why pH affects the yield of ur- 
inary cortin remains obscure. It has been suggested that a labile conjugate 
of the corticosteroids may be susceptible to such mild hj’-drolysis (13). 
The use of strenuous hydrolj'^sis, i.e. concentrated h 3 '-drochloric acid and 
boiling for 7 minutes as carried out for the extraction of 17-ketosteroids, 
destro^’^s most of the formaldehyde forming substances. This agrees with 
the observations made using different methods of assaj’^ (2, 4). 


Tabi.e 1; The Eefect of j)H of Exthactjon on the Recovery 

OF FoRSfALDEHYDE LIBERATING COMPOUNDS 


Aliquot # 

pH 

Cortin, mg. /day 

1 

1.7 

1.2 

2 

1.7 

1.0 

3 

3.5 

0.75 

4 

5.4 

0.65 


The extract has not been washed with water and dilute alkali to remove 
estrogenic substances and other phenols and pigments, since estrogens do 
not liberate formaldehyde with periodic acid and urinary pigments do not 
enter the distillate and therefore do not complicate the procedure. 

It is believed that the partition between water and benzene increases 
the specificity of the method since the property of successive solubility in 
chloroform, benzene and water is not shared by many compounds capable 
of liberating formaldehyde. The- volume relations of our partition resemble 
those of Talbot, Saltzman, Wixoni and Wolfe (5). These authors have 
investigated the behavior of five crystalline corticosteroids in such a par- 
tition. 17-Hydroxy corticosterone and 17-hydroxydehydrocorticosterone 
passed quantitatively into the water. Corticosterone and dehydrocorti- 
costerone entered the water only to the extent of 38 and 24 per cent re- 
spectively. Desoxycorticosterone remained almost exclusively in the 
benzene. From these data it appears that water extracts the more oxy- 
genated active corticosteroids from the benzene while compounds with four 
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oxygen atoms are incompletely removed and those with three oxygen atoms 
remain almost exclusively in the benzene. Solubility in water is also de- 
termined to a large extent by substituents at the 3 position and saturation 
or unsaturation at the 4-5 position. The partition is not .specific for 11-oxy 
compounds because ALpregnene-17:20;21-triol-3-one partially enters the 
aqueous phase (4). We have confirmed the above observations in respect 
to ll-desoxycorticosterone and the aforementioned pregnene-triol. 

Because the partition step repre.sents a potential loss of material we have 
been interested in the amount of formaldehyde liberating compounds 
which remain in the benzene fraction. Both the benzene and aqueous frac- 
tions of five urinarj’' extracts were assayed and the results are presented in 
Table 2. In determining the formaldehj-de liberating compounds in the 


Table 2. Recoveuv of Formaldehyde Liberating Compounds from 
Aqueous and Benzene Fractions of Urinary Extracts 


Urine 

Specimen # 

Aqueous 

Fraction 

Benzene 

Fraction 

Per Cent 
Extracted 

82 

mg./clay 

0.9 

mg./day 

Neg. 

100 

98 

0.9 

0.08 

92 

97 

1.3 

0.26 

83 

99 

1.6 

0.19 

90 

84 

1.8 

0.27 

87 


benzene fraction we have evaporated off the benzene and dissolved the 
residue in 1 cc. of ethyl alcohol and then diluted to 6 or 10 cc. with distilled 
water. The alcohol gives a slight color vdth the assay and it is necessary to 
allow for this error. From the results it is obvious that most of the formal- 
dehyde forming compounds in these urinary extracts entered the aqueous 
fraction. 

Unfortunately, compounds have not been available for a thorough study 
of the oxidation reaction with periodic acid. Fieser, Fields, and Lieberman 
(6) have stated that compounds with a ketol side chain will jdeld one mole 
of formaldehyde for each mole of steroid. With a dih^’^droxyacetone tjqie 
of side chain the reaction under certain conditions proceeds to form 
between one and two moles of formaldehyde. With the glycerol t 3 q)e of side 
chain there is a greater likehhood of the removal of two carbon atoms. With 
the method we used desoxj’^corticosterone was found to liberate one mole of 
formaldehyde. This variabifity of formaldehyde formation introduces 
doubt as to the absolute, but not relative, accuracj’’ of the method. It is 
doubtful if chemical methods measuring the reducing power of these com- 
pounds possess anj^ intrinsically greater accuracj’’ because considerable 
variation exists in reducing power (13). 
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TABiiK 3. Effect of Time op Oxidation on Recovery of FoRMAiiDEUYDE 
FROiM Aliquots of Aqueous Fraction 


Amount 

Oxidized 

(cc.) 

Time 

(min.) 

Formaldehyde 

(micrograms) 

4 

15 

2.4 

4 

30 

2.50 

4 

45 

2.72 

4 

60 

2.72 

4 

165 

3.04 


The time of oxidation has been arbitrarily established at 45 minutes. 
In Table 3 the representative results obtained bj'- oxidation for var 3 ''mg 
periods of time is given. The reaction proceeds rapidly for about 30 mih- 
utes, followed bj’’ a gradual progression. 


CALIBRATION DATA FOR FORMALDEHYDE 



Fig 2 Hexamethylenetetramine has been used as the source of formaldelp-de. The 
•iiuount of formaldehyde recovered in 3 cc. of distillate is plotted against optical density. 
The formaldehyde equivalent of 0.1 mg. of ll-desoxycorticosterone, and 0.1 cc. of 
adrenal cortical extract are compared .to 0.1 mg. of our cortm unit. 
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Table 4. Excbetion of CouTicosrrEnoiDS by Normal Subjects as 
Measured by Different ^Iethods of Assay 



Range 

irg./day 

Reference 

standard 

I. Bio-assa}' 

1. Cold test 

Shipley, Dorfnian, Buchwald and 
Ross (15) 

0..5-1.S 

1 1-dehydrocorticosterone 

2. Glycogen deposition 

0.02{M).055 


Venning et al. (.3) 

males 



0.045-0.060 

1 l-dehj'dro-17-h j’droxy- 


females 

corticosterone 

II. Chemical Assay 

1. Reducing power 
a. Talbot et al. (5) 

0.12-0.34 

Corticosterone 

b. Salter et al. (16) (modification of 

0.14-0.67 


II a) 

males 

O 

c. Heard, Venning and Sobel (4) 

1. 1-2.1 



males 

1. 0-2.0 
females 

1 l-desoxA'corticosterone 

2. Formaldehs'de liberation 

Authors’ method 

1.0-1. 6 

Cortin unit, see text 


The distillation step separates substances present in urinarj'- extract 
foUoMnng periodic oxidation, M’hich modifiy the color reaction. Figure 2 
presents the calibration data for our apparatus emplojdng the method of 
MacFadyen using hexamethylenetetramine as the source of formaldehyde. 
A linear relation exists over the range of concentration encountered in this 
procedure, althoughall of the formaldehyde inthe distillate isnot recovered. 

Results of 120 determinations made on 70 patients and normal subjects 
are to be presented in a separate communication. The limits of normal have 
not been established with anj"- finality but it is eAudent that under the usual 
conditions of diet and actiAuty the excretion of cortin is between 1.0 and 
1.6 mg. a day. The excretion of this material is correlated AAdth knoAvn 
disorders of adrenal function. The normal A^alues obtained bj' other chem- 
ical methods are presented in Table 4. 

CONCLUSIONS 

A method has been described which can be used satisfactorih' for the 
quantitatiA^e estimation of unn&ry corticosteroids. The procedure is suffi- 
ciently simple to be useful in clinical as well as in research studies. 
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The extraction is carried out on acidified urine with chloroform. A 
partition between benzene and water is used and the aqueous fraction thus 
formed is oxidized with periodic acid. The formaldeliyde formed by this 
reaction is distilled from interfering chromogens and the amount of color 
formed with chromotropic acid is measured. 

The results that have been obtained correspond in order of magnitude 
to other chemical methods applied to acidified urine. 
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HORMONE SECRETION BY HUMAN PLACENTA 
GROWN IN TISSUE CULTURE 
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THADDEUS L. IvIONTGOMERY, IM.D.* 

From Temple UniversHy Hospital and Medical School and Jefferson Medical College, 
Philadelphia, Pcruisylrania, and The Henry Ford Hospital, Detroit, Mich. 

I S THE placenta an organ of internal secretion producing gonadotropins 
and estrogens during pregnancj'? This question has been propounded 
since 1927 when these hormones were first demonstrated in large amounts 
in the blood and urine of pregnant women. Many workers have demon- 
strated the presence of gonadotropins and estrogens in extracts of human 
placental tissue and it has therefore been accepted that the placenta is an 
organ of internal secretion and the source of these hormones. Articles 
bearing on this subject have been voluminous in their theoretical -vdews 
but have been inconclusive due to lack of direct reasoning and rigid proof. 

Renewed interest in the subject has brought forth direct eHdence of the 
secretory function of the placenta. The tissue culture studies of Gey, 
Seegar, Jones and Heilman, (1, 2) as well as the histochemical presentations 
of Wislocki, Dempsey and Bennett, (3, 4) and Baker, Hook and Severing- 
haus (5) are recent and valuable contributions in this field of endocrinology'. 
Our study' is presented as further direct eHdence of the secretion of the 
gonadotropins and estrogens by' human placental tissue grown in tissue 
culture. 

iMETHOD OF TISSUE CULTURE 

Placental tissue was collected under sterile conditions in the operating 
room from patients requiring therapeutic termination of pregnancy'. The 
first specimen for tissue culture was obtained by' the transvaginal route by' 
cerNucal dilatation and evacuation of the uterine caHty' while in all other 
cases the abdominal hy'sterotomy' route was used. 

Normal appearing placental fragments were selected and placed in a 
sterile Petri dish with some clotted blood to keep the fragments moist. 
The tissues were transferred immediately to the tissue culture laboratory-. 

The tissue cultm-e method used was that originated by Lowenstadt, 
(6) as suggested to him by Carrel and later reHsed by Gey- (7) with subse- 
quent modifications by Lewis (8). Fragments of placental tissue measuring 
2 mm. or slightly less in size were rapidly washed in Ty-rode’s solution 
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(pH 7 .6-7 .8) . Twenty-eight fragments were implanted in each of four pyrex 
tubes, 15 X 1.4 cm. The drum in the incubator rotated at a constant speed 
of one turn in 20 minutes. The incubator was autoinatically i-egulated at a 
temperature of 37.3 degrees centigrade. >Several pieces of identical charac- 
ter Avere selected for histological study. The culture medium consisted 
of 0,15 ml. of IVrode’s solutioji, 0.15 ml. of embiyonic mouse extract and 
0.15 ml. of heparinized chicken plasma (animals less than one j'-ear of age). 
Identical control tubes using mouse spleen or lung tissue Avere inoculated 
and at regular interval^ this medium wns subjected to endocrine assaj'-. 
The tissue culture procedure AA'as done at room temperature under careful 
aseptic technique and all solutions and extracts Avere tested for bacterial 
contamination. Cell groAAdh Avas studied under Ioav poAver in the tubes, 
AAdiile more detailed observations under high poAA'er and oil immersion AA^ere 
made in accordance AA'ith the Sano-Smith technique (9). At intervals vary- 
ing from three to seA^’en days, 1.2 cc. of T 3 n-ode's solution AA'as added to the 
tubes. The tubes AA^ere rinsed AAuth this solution b}’’ rotating it manually. 
All Avashings from these tissue culture tubes AA^ere collected and sent to 
the Laboratory of Endocrinolog 3 ^ As indhddual pipettes Avere alAva 3 ’’S used 
for each step and each solution, the possibility of error and contamination 
Avas practically eliminated. 

METHOD OF ENDOCRINE ASSAYS 

In three placental tissue culture studies, preoperatiA^e serum gonado- 
tropin and estrogen assays Avere made on the blood of the placental donor. 
On the day of termination of the pregnancy, 50 cc. of blood AA^'ere obtained 
by venopuncture. The blood Avas permitted to clot in a large test tube and 
was sent directly to the Laboratory of Endocrinolpgy Avhere the clot Avas 
broken up and the specimen centrifuged. The serum Avas used for biological 
determination of the gonadotropins and estrogens. 

Tissue culture washings and tissue culture control specimens AA^ere sent 
directly to the Laboratory of Endocrinology from the Tissue Culture Lab- 
oratory. The exact contents of the control specimen AA^ere unknown to 
those doing the hormone titrations until the assays were completed. 

All specimens Avere kept in the icebox AAuthout the addition of any preser- 
vative and animal injections were begun on the day that the specimens 
Avere received. Previous curves for the serum gonadotropins and estrogens 
during pregnancy had been established in our laboratory on normal preg- 
nant subjects. Suitable dilutions of the sera Avere made in accordance Avith 
the duration of the pregnancy at the time of termination of the gestation. 
Distilled water Avas used as the diluent for both sera and tissue culture 

fluids. 
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GONADOTROPIXS 

Adult female isolated rabbits and infantile female mice were used for 
determinations of the gonadotropin content of the blood and tissue culture 
washings. 

In the standardization of our laboratorj' animals, we had correlated the 
relationship of the rabbit to the mouse unit and had found that approxi- 
matelj’^ two and a half mouse units were equivalent to one rabbit unit. This 
observation permitted us to make a preliminar}' rapid assay of the gonado- 
tropin content and thereby obtain the approximate amount of hormone 
within a 48 hour period. Adult female rabbits weighing from 1800 to 2000 
grams which had been isolated for 30 dai-^s were used. Two rabbits were 
injected at each dosage level and suitable dilutions of the sera or culture 
fluid injected over a wide quantitative range. The diluted fluid was injected 
intravenouslj’^ in one injection. Forty-eight hours later the ovaries were 
examined grossly by laparotomy under ether anesthesia. Any ovary show- 
ing formation of corpus hemorrhagicum or corpus luteum in one ovary was 
considered positive. Ovarian sections were made if doubt existed in any 
case as to the presence of a corpus hemorrhagicum or corpus luteum. 

Knowing the approximate titre of the gonadotropins from the prelim- 
inary rapid quantitative rabbit determination, we then proceeded with the 
quantitative assay using infantile female mice, 22 to 25 days of age and 
weighing from 8 to 10 grams. Injections were made subcutaneously each 
morning for three days and on the morning of the fifth day the animals 
were killed by gas asphyxiation. Four to six animals were used at each 
dosage level. 

A final titration was then performed using both infantile female mice and 
adult isolated female rabbits. As many mice were used as possible with a 
minimum of 8 to 10 animals for each level. Two rabbits were injected for 
each level. The presence of corpora hemorrhagica or corpora lutea by 
histological study of the ovarian section in 50 per cent of the mice and 
rabbits constituted a positive test. 

ESTROGEXS 

The Fluhmann technique (10) was used for determination of the estro- 
gens in the sera and the tissue culture washings. No dilutions of either fluid 
were necessary for the amount present was either very minimal or negative 
Adult spayed female mice weighing 25 grams and approximately 8 weeks 
of age, 8 days postoophorectomy, were injected subcutaneously twice 
daily for 3 days with 0.75 cc. for a total of 4.5 cc. The animals were killed 
on the morning of the fourth day and midvaginal biopsies were made. 
Histological studies of the vaginal biopsies were made and the amount of 
estrogens estimated in accordance with the Fluhmann technique. 
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Six animals were used for each blood serum estimation. The amount of 
tissue eulture fluid limited the number of animals which could be used in 
each assa}’^, but no less than two animals were used foi' any one determina- 
tion. 

RESULTS 

Histological sections of early placental tis.sue as well as the more mature 
placenta of eight and nine jnonths re\'ealed in e^’'elw ease the presence of 
normal tissue free of any abnormal degeneration or abnormal growth. 

The control tissue culture washings showed complete absence of any 
chorionic gonadotropin and estrogen activity in test animals. Control 
assaj^s were made at intervals during the study of the placental tissue 
cultures. 

Growth of the adult ])lacciita of eight and nine months duration was 
unsuccessful on several occasions. Stud}^ of these tissue cultures revealed 
overgrowth of fibroblastic tissue and a complete absence of Langhans and 
syncytial cells. Endocrijie assays were negative foi- the gonadotropins and 
estrogens. 

PLACENTAL TISSUE CULTURE I 

This was placental tissue from a pi-egnanc}^ of five weeks duration. The 
termination of pregnanej'’ was by the transvaginal route because of ma- 
ternal pulmonary tuberculosis. The growth was profuse and three types of 
cells typicall}^ seen in our tissue cultures were present. Cells similar to the 
sjmeytial cells appeared to multiply though at no time were actual mitoses 
noted. Degeneration of these cells appeared earl}’^ and soon rapid disap- 
pearance was evident. Fibroblasts gi’ew relatively well but the Langhans 
cells with their characteristic clear halo around the nucleus grew most 
profusely. Fig. 1 is an unstained in vitro culture of the growth seven days 
after inoculation into the medium showing these cell types. After three 
weeks the growth rapidly diminished and as shown in Table 1 there was 
a corresponding diminution of the gonadotropin titre. 

Preoperative sei’um gonadotropin and estrogen assays were not made, for 
at this time we were interested only in determining whether the placental 
cells would grow and whether they were active in the production of gonad- 
otropins. Finding that the growth was producing this hormone, our atten- 
tion was then focused toward correlating the t 3 ''pe of cell grovdh present 
to the exclusion of Si.ny estrogen determinations. 

PLACENTAL TISSUE CULTURE II 

This was placental tissue from a pregnancy of three months duration. 
As illustrated in Table 2, preoperative serum gonadotropins showed 
20,000 to 24,000 mouse units per 100 cc. of blood while the quantitative 
Friedman test was positii^e to 1.65 cc. of 1 ;20 dilution of the serum. Serum 
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Fig. 1. Unstained tissue cul- 
ture, seven days after inoculation. 
XlSO. “A” — stromal cell; “B” — 
synej-tium; “C” — Langhans cell. 



Table 1 . Placental Culture I 

A.B. Age 35. ^I'^hite. !Multipara. 

L.ill.P. February 1, 1941 
C.D.C. November S, 1941 

April 30, 1941- — -Tenrination of pregnancj' 


Quaniitaiive Assay of Tissue CuUiire Fluid 


Specimen 

Days 

Cultured 

M.U. per cc. 
Gonadotropin 

Rabbit „ 

Gonadotropin -trogen 

A 

7 

1.0 


B 

14 

1.0 


C 

19 

1.0 

No assavs 

D 

24 

0.5 


E 

30 

negative 
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Table 2. Placental Tissue Cultube II 

T.M. Age 24. White. Multi para. 

L.M.P. Alarch IS, 1941. 

C.D.C. December 25, 1941. 

June 10, 1941 — Preoperativc serum gonadotropin and estrogen specimen. 
Serum gonadotropins: 

20,000 to 24,000 M.U. per 100 cc. 

Scrum estrogen.s: 

G to 9 M.U. per 100 cc. 

Quantitative Friedman Test (.serum); 

Positive: 1.65 cc. of 1 :20 dilution. 

Negative; 1.45 cc. of r:20 dilution. 

June 10, 1941 — Termination of pregnancy by hysterotomy. 


Quantitative Assay of Tissue Culture Fluid 


Specimen 

Da,ys 

Cultured 

M.U. per cc. 
Gonadotropin 

Rabbit 

Gonadotropin 

Estrogen 

A 

7 

— 

— 

Negative 

B 

10 

1.5 

1.5 cc. positive 

— 

C 

15 

1.0 

— 

Negative 

D 

20 

— 

— 

Negative 

E 

27 

0.5 

— 

— 

F 

31 

Follicle stimulation; Uterine 
C.H. or C.L. 

growth moderate. No 


estrogen activity showed six to nine mouse units per 100 cc. (Fig. 2). The 
growth was not particularly good and the Langhans cells visualized early as 
growing, soon degenerated after two and one-half to three weeks. Hormone 
assays for the gonadotropins showed a parallel decrease in activity. 

PLACENTAL TISSUE CULTURE III 

Table 3 shows in graphic form the assays of a placental tissue culture 
growth of approximately seven weeks duration. Preoperative serum gonad- 
otropins were approximately 3500 mouse units per 100 cc. Serum estrogens 
were not demonstrable. Injections of 1.35 cc. of 1:40 dilution of the donor 
serum gave a positive Friedman test. 

Growth was profuse and the most abundant we observed in any of our 
cultures. Numerous well balanced mitoses were observed. Langhans cells 
predominated throughout and became more abundant as the tissue grew. 

Figure 3 shows the Langhans cells with the clear halo around the nucleus 
and several mitoses. By the Sano-Smith method it is possible to stain these 
cells and mount the slides without manipulating or disturbing the growth. 

Figure 4 portrays the cells at the peak of their growth with evidence of 
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Fig. 2. Vaginal mucosa of mouse showing reaction 3 in the mucification test 
for estrogen; approximately 6 mouse units per 100 cc. of blood. 

degeneration of a few. This photograph was taken one month after they 
had been inoculated into the medium. At this time there was a rise in the 
gonadotropin titre. Six weeks later they were still healthy in appearance 
but not actively growing as noted by the presence of only a rare mitosis. 



Fig. 3. Twelve days growth. “A” — syncj*tium; “B” — Langhans 
cell. X300. Toluidine blue stain. 
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T^\bIvE 3. I’lacentae Cui/ruuE III 

D.B. Age 30. White. IMuItipani. 

L.M.P. August 2G, 1941. 

C.D.C. June 2, 1942. 

October 24, 1941 — Preoircrativc .‘^crum gonadotropin and estrogen speci- 
men. 

Serum gonadotropins: 

3500 M.TJ. per 100 cc. 

Scrum c.strogcns: 

None demomstrahle. 

Quantitative Friedman Test (serum): 

Positive; 1.35 cc. of 1:40 dilution. 

Negative; 1.20 cc. of 1 :40 dilution. 

October 24, 1941 — Termination of jnegnancy. 


Quantitative Assai/ of Tissue Culture Fluid 


Specimen 

Days 

Cultured 

M.U. per cc. 
Gonado- 
tropin 

Rabbit 

Gonadotrojhn 

Estrogen 

A 

5 

— 

— 

Negative 

B 

10 

55 

0 .5 cc. 1 :40 

Negative 

C 

13 

50 

1 .0 cc. 1 :40 

Negative 

D 

19 

40 

1.5 cc. 1:40 

— 

E 

22 

— 

— 

Negative 

F 

25 

22 

1 .0 cc. 1 :20 

Negatir^e 

G 

31 

26 

1 .0 cc, 1 .-20 

— 

H 

35 

— 

— 

Negative 

I 

40 

20 

1 .0 cc. 1 :20 

— 

J 

45 

— 

2.0 cc. 1:20 

Negative 

K 

50 

5 

— 

Negative 


Stud}'- discontinued. 




In this study repeated estrogen assays were made even though there was 
an absence of other cell types including syncytial cells. All assays for estro- 
gens were negative and Figure 5 is a tj^pical example of the many negative 
biopsies of the mouse vaginal mucosa. Difficulty in growth of the syn- 
cytial cells was constantly in evidence. 

PLACENTAL TISSUE CULTURE IV 

Prior to termination of pregnancy, large amounts of gonadotropins were 
present in the blood of the placental donor (Table 4). The serum estrogen 
was approximately 12 mouse units per 100 cc . 

The tissue culture growth was quite abundant although less than in 
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Fig. 4. Peak of hormone production. Some of the Langhans cells are under- 
going degeneration. Mostly Langhans cells. X300. Toluidine blue. 


placental Tissue Culture IV. Fewer mitoses were present. The cytoplasm 
of the Langhans cells was slightlj’’ more granular (Pig. 6). The gonadotropin 
titre w'as not as high. Degeneration of the cells had appeared to set in 
about the third week and little hormone production was e.xpected. How- 
ever, titrations of the washings proved the contrar 3 ^ The mouse ovaries 



Fig. 5. ^ aginal mucosa of mouse showing no estrogenic response. ^lucosa 
shows two layers of low cuboidal epithelium. 
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Table 4. Placental Cultube IV 
D.R. Age 23. White. Multipara. 

L.M.P. December 9, 1941. 

C.D.C. September IG, 1942. 

February 20, 19‘12 — Preoperative serum gonadotropin and estrogen spcci- 

m.en. 

Scrum gonadotropins: 

4000 M.U. per 100 cc. 

Scrum estrogens: 

12 M.U. per 100 cc. 

Quantitative Friedman Test (scrum): 

Positive: 2.25 cc. of 1 :40. 

Negative 1.50 cc. of 1 ;40. 

February’’ 21, 1942 — Termination of pregnancy. 


Qnanlilalivc Assay of Tissue Culture Fluid 


Specimen 

Days 

Cultured 

M.U. per cc. 
Gonado- 
tropin 

Rabbit 

Gonadotropin 

Estrogen 

A 

5 

40 

2.5 cc. 1 :40 


B 

10 



Negative 

C 

13 

35 

3.0 cc. 1 ;40 

Negative 

D 

IS 


3.0 cc. 1:20 

Negative 

E 

23 

20 

2.0 cc. 1:20 


F 

28 

12 

2.0 cc. 1:10 

Negative 

G 

33 

10 

2.0 ^c. 1 :10 


H 

38 

8 

3.0 cc. 1:10 

Negative 

I 

44 

4 

0.5 cc. 

Negative 

J 

48 

G 

0.5 cc. 


K 

55 

4 

0.5 cc. 


L 

61 

2 

0.5 cc. Negative 


M 

70 

1 

1.0 cc. Negative 


N 

75 Follicle stimulation. 

1.0 cc. Negative 



Uterine growtli marked. 




No C.H. or C.L. 




typically showed the presence of corpora lutea and corpora hemorrhagica 
two months after implantation (Fig. 7). It was believed that the hormone 
was produced by fragments of tissue deeper in the medium which could be 
seen with the naked eye but could not be observed under the microscope 
because of the thickness of the glass and the medium. Figure 8 shows the 
placental culture at 70 days with marked degeneration of the Langhans 
cells. 

Sjmeytial cells failed to grow well and all estrogen assays were negative. 
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DISCUSSION 

Our placental tissue culture studies revealed that in the earlj' stages of 
growth three tj'pes of cells could readilj' identified: — stromal cells with a 
round nucleus, SNUicytial cells which are oblong and have an oval nucleus, 
and Langhans cells which are more or less round and have a round nucleus 
surrounded by a pale halo (Fig. 1). After a few da 3 ’^s of growth the latter 
cells predominated. Soon a direct relationship was noted between anj' 
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Fig. 6. Four days growth, mostly Langhans cells, in three weeks old placental 
tissue. Note the clear halo around the nucleus (arrow). 


increase or decrease in the hormone titrations for the gonadotropins and the 
Langhans cell growth. This suggested to us the important role that these 
cells play in the secretion of the gonadotropic hormone and we beheve 
that they are probably responsible for the great amounts of this hormone 
production during pregnancy. Baker, Hook and Severinghaus (5) beheve 
that occasional Langhans cells persist beneath the sjmeytium until term. 
It is reasonable to assume that the relatively lower level of the blood and 
urinary levels of gonadotropins in later pregnanci’- fall in direct correlation 
with the fewer number of Langhans cells. 

Our results are in support of those of Gej*^ and his coworkers (1,2). Thej' 
showed that placental cells maintained in continuous culture for as long 
as six months produced gonadotropins. The cells apparently" responsible 
for this activity were the Langhans cells. 

It is interesting to note that our preoperative serum assays for the estro- 
genic hormone were small in amounts until the third month of pregnancy". 
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111 two cases, 3 and 4, small amounts were present allowing some increased 
proclviciionat the time of tcrminntionof thcp 2 ’egnanc.y. Wislocki and Demp- 
sey (3, 4) as well as Baker, Hook and Scveringhaus (5) believe lhat the syn- 
cytial cells are the source of estrogen formation in the placcid a. In our tissue 
cultures, syncjdlal cells wci’c noted in the earlj' growth stages but quicki}" 
disappeared as the Langhans cells became the predominant cell to the 



Fig. 7. Infantile mouse ovary showing formation of corpora hemorrhagicum and 
luteum. Reaction obtained b}" injection of 0.5 cc. tissue culture washing 60 daj^s after 
placental tissue implanted. 


exclusion of the syncytial cells. In placental tissue culture assays of III and 
IV, many estrogen determinations were made without any evidence of its 
presence. Yet our negative results, we believe, are inconclusive and not in 
favor of or against the secretion of estrogens by the placenta. Since so little 
increase of estrogen was present in the blood of the patient prior to termi- 
nation of pregnancy and since the syncytial cells did not grow in tissue 
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culture, demonstrable amounts could not be expected from our tissue 
cultures on the basis of the present viewpoint. 

Our curves of estrogen in the blood and urine of normal pregnant women 
show a gradual rise from the third month to the highest peak just prior 
to parturition. Because of this we attempted on several occasions to grow 
the more mature placenta of eight and nine months. The growth was un- 



Fig. S. After peak of honr.one production there is marked degeneration of the 
cells. x300. Toluidine blue. 


successful for fibroblasts grew in profusion without demonstrable sjmej’tial 
or Langhans cell growth. It is intere.sting that the trophoblastic tissue of 
early pregnancy grows so readily in comparison with the more mature or 
adult placenta. 

CONCLUSIONS 

1. Human placental cells of approximatelj" three months of age, grown 
in continuous tissue culture in ^^tro, showed the production of the 
gonadotropic hormone as as.sayed quantitative!}’’ in rabbits and in- 
fantile mice. 

2. A direct correlation was noted between the growth of the Langhans 
cells and the production of the gonadotropic hormone. 

3. Control tissue cultures in which fibroblasts were grown produced no 
hormone response in the test animals. 

4. Attempts to grow the adult placenta of eight and nine months were 
unsuccessful and resulted only in overgrowth of fibroblastic tissue. 
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5. Sjaicytial cells did not gi’ow well in tissue culture. 

6. Evidence concerning the production of estrogen by the placental cells 
was inconclusive. 
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ENDOCRINE REVIEWS 

There has been a great demand from our members for good re^'iew ar- 
ticles in the Journal of Clinical Endocrinology. It was felt that these ar- 
ticles would be of value both to endocrinologists and to physicians in other 
fields of medicine who wish to keep themselves informed about advances in 
endocrinology. The excellent re\'iew by Dr. Harold L. Mason of the Mayo 
Chnic on Steroid Nomenclature is the first of a series of such articles. Many 
of our members have already agreed to prepare re\'iews for the journal. 
These will appear from time to time as they become available. 

WiLLAED 0. Thompson, 
Managing Editor. 
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HAROLD L. MASON, Pii.D, 

Division of Biochouisinj, Mono Foittuldlion, Roc/icstir, Minnesota 

IiYTKODUCTIOK 

I T LS the purpose of this paper to eoiisidcr (he noineiiclafiiro of the 
steroid hormones and some of (,hcir imporl.anj, derivat ives. It. is intended 
for those who have occasion to deal with steroids but who do not have an 
intimate acquaintance with their cheinistiy or with the principles by which 
they are named. The complexities of .some of t he names and lack of agree- 
ment among chemists about, some details of terminology may nnll serve 
to confuse the uninitiated. Almost, aiqy compound maj" be named in several 
different Ava3\s. The chemist, often names a compound in a manner that 
serves to emphasize a certain feature or features of that compound. In this 
paper the names that are used most commonly in (his country will be 
emphasized and variations in these names will be given. It is purposed 
only to interpret steroid nomenclature, not to advocate any particular 
system. However, some preferences will be stressed in the interests of good 
chemical usage. 

THE STEROID RING SYSTEM 

The fundamental ring system of the .sterols, bile acids, sex hormones and 
adrenal hormones, the latter three being grouped under the term ‘‘steroids” 



Fig. 1 

is the perhydrocyclopentenophenanthrene ring system (Fig. 1, I). The 
system^ used for numbering the carbon atoms of the steroids is also shown 
in formula I. This is a saturated ring system. ^ Each juncture of two or 

Received for publication January 30, 194S. 

^ It should be pointed out that the c 3 'clopenteno ring (the ring with five carbon atoms) 
maj" be attached to phenanthrene in several different positions with the formation of a 
number of different cjmlopentenophenanthrenes. Also, the steroids have a unique num- 
bering sj'-stem which is not related to the sj'-stem that has been adopted for phenanthrene 
and its derivatives. 

2 The name "perhj'drocyclopentenophenanthrene” muy seem to disagree with the 
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more lines in I and II represents one carbon atom. Each carbon atom, 
except those common to trvo rings, bears two hj^drogen atoms. Ordinarilj'^ 
these hydrogen atoms are not written in the structural formula. It is 
understood that those bonds of the carbon atoms rvhich are not shown are 
combined with hydrogen. A hydrogen atom attached to a carbon atom 
which is conmron to trvo rings maj- be written in to show the stereochemical 
structure at this point. The estrogens have a methyl group (CHj) attached 
at position 13. jMost of the other steroids (II) have methyl groups (indi- 
cated by the .short vertical lines in II) attached at carbons numbered 10 
and 13 (C-10 and C-13). The methyl groups are known as angular methyl 
groups because they occur in the angle formed by the juncture of two rings. 

SUBSTITUTION IN THE STEROID RING SYSTEM 

In conformity with the rules of organic nomenclature, manj’’ steroids 
are named as derivatives of a few hydrocarbons such as cholane, etiocho- 
lane, pregnane, and so forth. Others, such as androsterone and progesterone, 
have received tri\'iaP names which are commonly used. The ending “-ane” 
is reserved for saturated hj'drocarbons. The ending “-ene” indicates a 
hydrocarbon with a double bond; “-diene,” “-triene,” “-tetraene” indicate 
the presence of two, three, four double bonds, and so on. Substitution of 
oxj’-gen for hydrogen in the hydrocarbon is shown by addition of “-ol” 
or “-one” to the name of the hi'^drocarbon. The sufRx “- 0 I” represents an 
alcohol group (hydroxyl or OH) and “-one,” a ketone group (0=0, also 
called a carbonjd group). Examples; pregnane, pregnanol, pregnanone 
(the final e of “-ane” and “-ene” is dropped when followed bj’' another 
vowel), pregnanediol, pregnanedione ; pregnene, pregnenol, pregnenediol. 
Alternatively these substituents may be indicated bj"- the prefixes “hy- 
droxj'^-” and “keto-” (or “ 0 x 0 -”) respectively. Pregnanol would thus be 
hydroxj^regnane ; pregnanone would be ketopregnane (or oxopregnane) , 
and pregnanediol would be dihydroxjTjregnane. These prefixes and .suffixes, 
and some others, and their meanings, are listed in Table 1 for convenient 
reference. 

If a compound contains both hydroxyl (alcohol) and ketone groups the 
order in which the prefixes or suffixes appear in the name is largely" a mat- 
ter of choice. Usually the one that indicates a h^’^drox^d group (or groups) 


naming of saturated hydrocarbons ■which is discussed in the next paragraph. Ho'wever, 
the prefix “perhydro-” means that cyclopentenophenanthrene (an unsaturated hydro- 
carbon) has been saturated with hydrogen. There is no simple nam.e ending in “-ane"’ 
for this saturated hydrocarbon. In a similar manner the saturated hydrocarbon ethane 
could be named “dihydroethylene.” 

^ “Trivial” is used in the sense of common or ordinary. 
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Tahlk J. IMkanings or SuitjxjvS and pjiKnxKs Uskd In- 
Naming TUB STBnoiD Hoiimonbs 


Suffix 

j\ leaning 

-a no 

Saturated Iij-drocarbon. Cannot take uii more hj-drogen 

-enc 

Unsaturated h.vdrocarbon; has double bonds. Can take up more Ii}-- 
drogen 

-ol 

Alcohol; hydroxyl group; OH 

-one 

Ketone; carbonyl group: C=0 

Prefix 

hydroxv- 

Hvdrox^I group; OH 

keto- 

Ketone; carbonyl group; C=0 

0X0- 

Same as “keto” 

alio- 

Other; meaning one of two ison.crs 

cis- 

Refers to arrangement of tAVO groups on the same side of a molecule 

trans- 

Refers to arrangement of two groups, one of AAdiich is on the opposite 
side of a molecule from the other 

etio- 

Refers to the final degradation product of a more complex molecule 
AAdiich still retains the essential cliemical character of the original mole- 
cule 

iso- 

Refers to isomers 

epi- 

Refers to isomers AAdiich differ onb^ in the spatial arrangement of groups 
about one carbon atom 

desox 

An oxygen atom has been lost 

deh3^dro- 

Taa^o atoms of hydrogen have been removed 


precedes the one that indicates a ketone group (or groups). Thus "preg- 
nanolone” is preferred to ''pregnanonok' and in the alternative method of 
naming, "hydroxyketopregnane" (“hydroxyoxopregnane’O is preferred to 
' 'ketohydroxypregnane . ’ ’ 

Each carbon atom of a hydrocarbon is assigned a number. When a hydro- 
gen atom (or atoms) attached to a carbon atom is substituted by another 
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atom or group of atoms, the number of that carbon atom is placed before 
the prefix or suffix which designates the nature of the substituent. Thus, 
pregnan-3'ol or S-hydroxj^regnane; pregnane-3,20-diol or 3,20-dihydroxy"- 
pregnane. In some of the literature the numbers follow the substituents, 
as in pregnanediol-3,20, pregnanoI-3-one-20. However, it is preferable to 
follow the usage of Chemical Abstracts and the Journal of the American 
Chemical Society and to place the number before the substituent. 

Some authors arrange the suffixes and their numbers in such order that 
the lowest number comes first. They would write “pregnan-3-ol-20-one” 
but “pregaan-3-on'20-ol” instead of “pregnan-20-ol-3-one,” and 'Tl- 
dehydro-lT'hydroxj’^corticosterone” rather than 'T7-hydroxy-l 1-dehydro- 
corticosterone.” This method is used by Selj^e (1). 

DOUBLE BONDS 

A double bond and its position are often indicated by the symbol A 
used as a prefix and \rith a superscript which shows the position of the 
double bond. Examples: A®-androstene, A'*-pregnene-3,20-dione. It is under- 
stood that the bond originates at the carbon atom shown bj’’ the super- 
script, and terminates at the carbon atom with the next higher number. 
If there is zsiy doubt, numbers are given for both ends of the double bond. 
For example, a bond originating at C-8 may terminate at C-9 or at C-14. 
In this instance the position of the double bond is shown by A®-® or A®-'^ 
as the case may be. Use of A® would be ambiguous. The suffix “~ene” is 
always used in addition to A. If more than one double bond is present the 
positions of both are shown and two double bonds are indicated in the 
name. Examples; A®'®-androstadiene-17-one, A®'^®-pregnadiene. Alultiple 
double bonds are shown in similar fashion. Although it might appear that 
some ambiguity would result from the use of two numbers in the super- 
script to indicate one or two double bonds, a brief consideration of the 
numbers and the suffix will solve the difficulty. In the examples given, 
it would not be possible to have a double bond between carbon atom 3 and 
carbon atom 5 and the suffix "-diene” shows that two double bonds are 
present. Use of A®-® or A®-'’* and the suffix "-ene” definitelj’' limits the com- 
pound to one double bond between the carbon atoms indicated. Use of 
A®'*^ and the suffix “-diene” would indicate double bonds between carbon 
atoms 8 and 9 and between carbon atoms 14 and 15. 

There is no general agreement about the superscripts used with A. 
The sj’^stem explained here is used generally in this countr 3 ’'. jMore complex 
situations than those illustrated ma}'' arise and necessitate some modifica- 
tion of this simple usage. The estrogens are a case in point, as will be shown 
later. 

It is not essential to use A. The compounds in the examples given maj' 
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be named 5-nndros(.ene, ‘l-pregnene-;'},2()-di{)ne, 8,5-.‘indrosl.ndiene-]7-onc, 
and 5,16-pregnadiene. In “aiulrosl.adicnc” and “])regnaflicne” an o has 
been added betaveen the root, and (.lie suflix for euphony. 

ISOMERISM INVOLVING CARBON ATOMS COMMON TO TWO RINGS 

When saturated rings are fused in tlic manner sliown in Fig. 2 (III), 
that is, with two cai'bon atoms common to both rings, two isomers are 


H H 



III IV 

Fig. 2 


possible depending on whether the hj'-drogen atoms at tached at the junc- 
tures of the rings are on the same side (cis as in III) or on opposite sides 
(trails as in IV) of the plane of the rings. In the steroid I’ing system this 
tj^ie of isomerism may involve carbon atoms 5 and 10, S and 9, and 13 and 
14. The relative arrangement of the h 3 ’’drogen atom or method group on 
each of these atoms may determine two isomers for each carbon atom. 
Therefore the numlier of possible isomers is 2« or 64. Fortunately, this type 



Cholane Allocholane Cholanic Acid 


COOH 



Etiocholane Etioallocholane Etlocholanic Acid 

( Andros tane) 


Fig. 3 
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of isomerism is limited to C -5 in the commonly occurring steroids related to 
hormones. 

In the hj'drocarbon cholane (Fig. 3 , Y), which has the carbon skeleton of 
the bile acids, the methyl group attached to C -10 and the h3'drogen atom 
at C -5 are considered to be on the same side of the ring S3"stem (cis relation). 
The h3’drocarbon with the h3"drogen atom at C -5 ha^'ing the opposite 
(trans) arrangement with relation to the meth3d group at C -10 is called 
allocholane (VI). In formula V, the bond holding the h3"drogen atom at 
C -5 is written with a solid line to show that the h3^drogen atom is on the 
same side of the ring S3"stem as the meth3d group at C -10 (above the plane 



Fig; 4 

of the paper). In formula VI, the bond at C -5 is vTitten with a broken line 
to show that the h3'^drogen atom is on the opposite side of the ring S3'stem 
from the meth3d group at C- 10 . In the naturall3’- occurring steroids, the 
meth3d groups at C -10 and C -13 are considered alwa3's to have the same 
relation to the rest of the molecule, that is, above the plane of the molecule 
as written, and the bond is shown as a solid line. 

If the chain of carbon atoms attached at C -17 in cholane and allocholane 
is removed, the corresponding h3'^drocarbons are etiocholane (VIII) and 
etioallocholane (IX). Etioallocholane is called more commonl3’' “andro- 
stane.” The prefix “etio-,” as used in steroid chemistr3'’, indicates that the 
compound is the simplest one that can be obtained b3’’ degradation of the 
parent substance and still retain the steroid ring S3^stem and the funda- 
mental chemical characteristics of the parent substance. Thus, etiocholane 
is the steroid ring S3’^stem with the two meth3d groups whereas etiocholanic 
acid (X) has a carbox3d group at C- 17 . Degradation of etiocholanic acid b3' 
one carbon atom more would not give an analogue of cholanic acid (VII) 
but a neutral compound (etiocholane). 

The hormones and related compounds ma3’^ be named as derivatives of 
etiocholane or of androstane (etioallocholane). This S3\stem is used b3' 
Sel3'e. It is often more convenient, however, to name some compounds as 
derivatives of pregnane (Fig. 4 , XI) and allopregnane (XII), which are 
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17-ethyl derivatives of etiocholanc and ctioallocholanc (androstanc), 
respectively. 

It will be noted that in pregnane (or allopregnane) the numbers jump 
from 17, the last carbon atom in the ring S3'stcm, to 20, the first carbon 
atom in the side chain and that C-17 and C-20 arc joined together. The 
missing numbers, 19 and 18, arc assigned to the two methyl groups at- 
tached at C-10 and C-13. These numbers have not been included since 
there is some disagreement as to which methyl group should receive which 
number. It might be pointed out, however, that it would seem to be logical 
to assign the number IS to the methyl group at C-13 and 19 to the meth}^ 



Fig. 5 


group at C-10 since the methyl group at C-10 is missing in the estrogens. 
If the methyl group at C-10 is nimibered 18 and that at C-13 is numbered 
19, then there would be a gap in the numbering sj^^stem of the estrogens. 

A double bond at 4-5, as in testo.sterone (Fig. 5, XIII) or progesterone 
(Fig. 8, XX), or at 5-6, as in dehydroisoandrosterone (Fig. 7, XVII), elimi- 
nates the possibility of isomerism at C-5 and the simpler name may be 
used with the ending ''-ene”; examples, androstene, pregnene. 

(a) AND (/?) CONFIGURATIONS 

Other important points at which isomerism ma}'^ occur are at C-3, C-11, 
and C-20. At C-3 and C-11 the two valences of the carbon atom that are 
not attached to other carbon atoms are so arranged that one extends 
above and the other below the plane of the ring sj^stem. Substitution of one 
of the hydrogen atoms with OH, for example, offers two possibilities. The 
OH may be above or below the plane of the rings and thus two different 
compounds are possible. Since both angular methyl groups are considered 
to be on the same side of the ring system and, by convention, to be above 
the plane of the ring system as it is ordinarily written in the plane projec- 
tion, it is customary to refer the configuration of all substituents to one or 
the other methyl group. Those substituents that are on the same side of 
the ring system as the methyl groups have the (^) configuration and those 
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on the opposite side the (a) configuration. In accord with the convention 
used to indicate the position of the hydrogen atom at C-5 the (a) configu- 
ration is ordinarily shown by a broken line for the bond connecting the 
substituent to’ the carbon atom in question while the ()3) configuration is 
indicated by use of a solid line for the bond. 

The use of a solid bond to indicate the 0) configuration is somewhat 
ambiguous, since a solid line is ordinarily used to indicate a bond without 
an}”- implications as to configuration. In many cases the configuration is 
imknown. Therefore care must be used in the interpretation of formulas 
in which (a) and (/3) positions are indicated by dotted and solid lines, re- 
spectively. A solid bond may mean only that the configuration is unknown. 
This difficult}’’ could be avoided by showing both atoms or groups attached 

OH 


to the carbon in question. For example, niay be ambiguous but 


H HO 


\l/" \ could mean only that the configuration is not specified fand 


therefore presumally unknown) since the H and OH cannot both be in 
the (|3) position. 

In the name of a compound the configuration of a substituent is shown 
by writing a or /3 in parentheses after the number of the carbon atom in- 
volved. Example: A®-androstene-3(/3),17(a)-diol. “Trans” and “cis” are 
sometimes used interchangeably with (a) and (/3), respectively, since sub- 
stituents in the (a) position are on the opposite side of the molecule from 
the methyl groups and those in the (^) position are on the same side. 
However, this usage is not always consistent. For example, dehydroisoan- 
drosterone has also received the name trans-dehydroandrosterone but the 
OH at C-3 (to which “trans” refers) has the (/3) configuration. In this 
instance “trans” is not used with reference to the methyl group at C-10. 

Epimers are isomers which differ only in the steric arrangement of the 
groups about one carbon atom. The prefix “epi-” is used to indicate such a 
relation. Androsterone and isoandrosterone are epimers and the latter 
could be called “epiandrosterone.” In names of steroids the prefix “iso-” 
often is used interchangeably with “epi-” as in the case of isoandrosterone. 
The carbon atom ihvolved is indicated in the usual way if more than one 
carbon atom may be involved. Thus, if the 12-hydrox}’l group of desoxy- 
cholic acid is caused to assume the configuration opposite to the natural 
one, the resulting compound would be 12-epidesox}'cholic acid or 12-iso- 
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desox.ycholie acid. Jt should be added, liowever, t-liat llic prefix “iso-”jnay 
be used to indicate any t^qjc of isoinorisin in organic cheniislry. 


With rcfei'cnce to tlic steroids under consideration tlic pj’cfix “alio-” 
(Greek alios, other) usually j’cfcrs specificall}'- to isomerism at C-5. This 
type of isomerism was illustrafcd by cholanc (I'"ig. 3, V) and allocholane 
(VI) and their derivatives. Cholanc, etiocholane (VI 11) juul pregnane 
(Fig. 4, XI) are considered to ha\'e the “normal” arrangement at C-5. 
Compounds with the oppo.sitc arrangement a(. C-5 arc alio eompound.s .such 
as etioallocholane (androstanc). 

The terms “epi-,” “iso-,” and “alio-” have other connolaf ion.s in organic 
chemistry and even with I'cfcrence to steroids (for example, “allocholes- 
terol” which has no hydrogen atom a(. C-5). However, Ihcj’^ have the spe- 
cific meanings indicated in conneef ion wit h t he comj)ounds discus.sed in this 


paper. 

With these principles in view we may proceed to consider .specific appli- 
cations. 


ANDROCtEN.S AND RELATED SUBSTANCES 
Testosterone (Fig. 5, XIII) is the trivial name of the compound generally 
considered to be the androgenic hormone produced by the testis. A sj-^ste- 
matic name would be ALandrosten.-17(a)-ol-3-one or A'-ctiocholen-17(a')- 
ol-3-one. With a double bond at 4-5 androstene and etiocholene are identi- 
cal. Given the name, one can write the struct-ural formula by drawing the 
steroid ring system with the angular mcthjd groups, placing a ketone group 
at C-3, a double bond between carbon atoms 4 and 5 and a hydroxyl group 
attached to C-17 with a broken line. The group involving C-3 to C-5 is 
generally called an a',/3-unsaturated ketone group and is characteristic of 
all of the most active steroid hormones with the exception of the estrogens. 
Change of this group in any detail reduces or abolishes the specific activity 
of the hormone in question. 

Testosterone propionate usualW is used for therapy. In this compound 
a molecule of propionic acid has been combined with the 17-OH to form 


the ester group. 


H OC— CH2CH3 

il . Since there is only one hydrox^d group 

/\ o 


to enter into ester formation it is not necessary to be more specific but if 
there were more than one hydroxyl group present it would be necessary 
to specify with a number which hydroxyl group is involved. 

An isomer of testosterone is known which has the 17-OH in the (/3) 
position. It ijs called cis-testosterone since a 17-OH in the (^) position has 
the cis relation to the methyl group at C-13, that ijs, these two groups are 
on the same side of the molecule. Another name for cis-testosterone is 
A^-androsten-17(/3)-ol-3-one. 
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The sj'iithetic compound, methyltestosterone (XIV), has a method 
group at position 17 as well as a hydroxyl group and would properly be 
named ‘T7-methyltestosterone” to indicate the position of the meth 3 d 
group. A S 3 ’^stematic name would be “17-meth3d-A^-androsten-17(Q:)-ol-3- 
one.” Other androgens have been isolated from adrenal extracts: AU 
aiidrostene-3,17-dione, ll(/3)-h3’-drox3'isoandrosterone (androstane-3(/3), 
ll(i9)-diol-17-one) and adrenosterone (A'‘-androstene-3,ll,17-trione). It is 
possible that these substances are artefacts produced during the process 
of isolation but there is no e^’^dence on which to base a deci.sion. 

The known metabolites of testosterone are included in the gi'oup of 



Fig. 6 

compounds known as the “neutral” (to distinguish them from estrogenic 
phenols) 17-ketosterdids. These compounds are so named because of the 
presence of a ketone group at C-17. All of the common ones also have a 
hydi’OX 3 d group at C-3. The trivial name “androsterone” (Fig. 6, XV) has 
been given to androstan-3(a)-ol-17-one (or etioallocholan-3(a)-ol-17-one). 
Its isomer with the 3-h3’’drox3d group ha%dng the (j8) configuration but with 



Dehydrolsoandrosterone Etiocholan-3{o )-ol- 1 1 ( P 1 -Hydroxy- 

17-one androsterone 

Fig. 7 

the rest of the molecule identical is isoandrosterone, or androstan-3(j3)-ol- 
17-one (XVI). If a double bond is introduced in isoandrosterone by' loss of 
a h 3 "drogen atom from C-5 and one from C-6 (dehydrogenation) the re- 
sulting compound is dehy'droisoandrosterone (more specifically 5-dehy- 
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droisonndrosierojie) or A''-a»droslcii-3(^)-oI-3 7-000 (Fig. 7, XVJI). Dehy- 
droisoandrosterone sometimes is named 'Mi-an.s-deiiydroandrosierone" 
(«-dehydroandrostcroiic) but the former term is preferred. This substance 
and isoandrosteronc comprise the majoi- poi-tioii of Ihc (iS) fraction (so 
called because of the (/3) configuration of the 3-liydroxyl group) of the 
17-ketosteroids. The amount of the former compound is greatly increased 
in most patients who have adrenal cortical tumors and therefore a deter- 
mination of the (/3) fraction as well a.s tlic total amount of 3 7-ketosteroids 
may be helpful for differentiation between (.he presence of a tumor and 
cortical hyperplasia. 

Another isomer of androsterone is etiocholan-3(o:)-ol-17-onc (XVIII). 
This compound differs from androsterone only in the configuration at C-5 
The difference is sufficient to abolish all androgenic activity in etiocholan- 
3(a')-ol-17-one. The name of this compound also sometimes is written 
“3(a’)-hydroxyetiocholan-17-one” and even more simply as ^‘etiodiolano- 
lone.” The latter name is indefinite and should be used only when there 
is no possibilitj'’ of mistake as to the compound meant. The name “3(o')- 
h3droxyetiocholan-17-one'’ is an example of the use of a prefix to indicate 
one substituent and the use of a suffix to indicate another substituent. 

Another 17-ketosteroid found iii normal urine is ll(|S)-hydroxyandros- 
terone or androstanen3(a'),ll(/3)-diol-17-one (XIX). This substance is gen- 
erally considered to be a metabolite of adrenocortical steroids, since it has 
the oxygen atom at C-11 which is characteristic of certain cortical hor- 
mones. Some of the other 1 7-ketosteroids, particularly dehydroisoandros- 
terone, and part of the androsterone and etiocholanolone, are derived 
from adrenal steroids but their relation to the known adrenal compounds 
is obscure. 

Urine also may contain alcoholic steroids without a ketone group which 
are related to the 17-ketosteroids. A^-Androstene-3(j!3),17(a)-diol, etio- 
cholane-3(a:),17(Q:)-diol, and A®-androstene-3(/3),16(i3),17(a)-triol are such 
compounds. 

PROGESTERONE AND RELATED COMPOUNDS 

Progesterone (Fig. 8, XX) is A‘'-pregnene-3,20-dione. According to the 
system used by Selye, (1) it may be named as a derivative of androstene: 
17(/3)-[l-ketoethyl]-A^-androsten-3-one. It should be noted, however, that 
the 1-ketoethyl side chain is now known to be attached in the (|S) position 
rather than in the (a) position as given by Selye. 

The chief metabolite of progesterone is pregnane-3 (a), 20(a)-diol (XXI), 
which occurs in relatively large amounts in the urine of pregnancy. The 
name is often shortened to “pregnanediol.” Unless otherwise indicated, 
this name may be interpreted to mean the 3(a:),20(o:)-diol. The other three 
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possible isomers are known and pregnane-3 (|3), 20 (a)-diol, which occurs in 
minor quantities, probably also is a metabolite of progesterone. 

The designation ‘20(a)” does not have the same structural significance 
as, for example 3(a) or 17(a) since C-20 is in the side chain. However, the 
bond between C-20 and the OH is often shown as a broken line to indicate 
the (a) compound or as a solid line to indicate the (/3) compound. In this 
case (a) and {0) serve to identify certain compounds but the precise rela- 
tion of the substituent at C-20 to the rest of the molecule is uncertain. 

The name "pregnanediol” often is spelled “pregnandiol,” without the 
e of the “-ane” suffix, and is pronounced “preg-nan'-dee-ol.” According to 

CH3 

HC— OH 


HO'"' 

Pregnane-Sfa ) ,20(a)-diol 
Fig. 8 

the principles discussed at the beginning of this paper, this spelling and 
pronunciation ob\'iously are not correct. “Preg'-nane-dl'-6l” indicates im- 
mediately the chemical nature of the compound whether written or spoken. 

Pregnan-3(a)-ol-20-one also is a metabolite of progesterone. Recently it 
has been found to be an appreciable fraction of the sodium pregnanediol 
glu'curonidate of pregnancy urine as ordinarily isolated (2) . 

A®-Pregnen-3(|3)-ol-20-one, usually named simply “pregnenolone,” has 
been isolated from hog testes (3). It is reported to have a favorable effect 
on endurance and fatigue (4) and to be effective in maintaining testicular 
weight and spermatogenesis in hjqiophysectomized rats (5). 

ADRENOCORTICAL HORiMONES 

All of the characteristic adrenocortical steroids that have been isolated 
are derivatives of pregnane. The chemical details of those known to have 
physiologic activity are summarized in Table 2. Progesterone and estrone 
have been isolated from adrenal extracts but thej’ are not included in Table 
2, since they are also ovarian products. Androgenic substances with the 
same number of carbon atoms as androsterone also have been isolated from 
adrenal extracts. They are considered with the other androgens. IT-Hj'- 
droxjq)rogesterone is included with the adrenal hormones because of its 



CH3 

C=0 
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close struckirnl i-clnkoiiship, nllhoiigli its function is iinkno-\vn beyond the 
fact that it has androgenic properties (0). 

The first adrcnocorlical lionnone to receive a trivial name was corti- 
costerone and the other lionnoncs have been named in S3'stcmaiic fashion 
as derivatives of corticostoro)ic. deferring to Ta))le 2, "1 l-dcsoxj^-” means 


TAiiCK 2. Aduknucouticai, lIf>nMf)M:s 


Clieir.ical details 

Ordinary name 

C-=0 

OH 

Double 

bond 

1 1-Desox.ycorticostcrone 

3,20 

21 

4-0 

Corticosterone 

3,20 

11,21 

4-5 

1 l-Dehj^drocorticostcronc 

3,11,20 

21 

4-5 

] 7-Hydro.\ycorticostcronc 

3,20 

11,17,21 

4-5 

ll-Dehj'dro-17-liyclrox.vcorticosteronc 

3,11,20 

17,21 

4-5 

1 7-H.vdrox3'progcsterone 

3,20 

17 

4-5 


that an ox 3 "geii atom of corticosterone (Fig. 9, XXII and XXIII) has been 
removed and replaced b 3 ''h 3 '’drogen at C-11. ‘Tl-Deh 3 Tlro-” means that two 
h 3 ’’drogen atoms have been removed at C-11. Since corticosterone (XXII) 
has OH at C-11, removal of two h 3 ''drogen a1,oms converts the >CHOH 
group to a >C===0 group (XXIV). The prefix “deh 3 ^dro-” may mean also 
that a h 3 '-drogen atom has been removed from each of two adjacent carbon 
atoms with establishment of a double bond. This use was illustrated in the 
name “deh 3 ''droisoandrosterone” (Fig. 7, XVII). B 3 ’' reference to Table 2 
and formulas XXII to XXIV (Fig. 9) the structure of the other hormones 
can be constructed readil 3 ^ 



Corticosterone 


H 

HCJ-OH 

C=0 



1 1 -Desoxy- 
corticosterone 


H 

HC-OH 

I 


C=0 



corticosterone 


Fig. 9 
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11 Desoxycorticosterone (usually named simplj' “desoxj' corticosterone”) 
acetate is used widely for therapy in Addison's disease. In this compound a 
molecule of acetic acid has been combined with the OH group at C-21 to 
give an ester. This compound could properl}' be named “ll-desoxycorti- 
costei'one 21-acetate.” 

jMany other compounds have been isolated from adrenal extracts but 
only those that are known to have physiologic activity are considered here. 

In all of the adrenal steroids, including those that are not active hor- 
mones, if a hj’droxyl group is present at C-11 it has the (/3) configuration. 
Also, the side chain at C-17 has the (jS) configuration. Therefore the 17- 
hydroxyl group in 17-h3'droxycorticosterone, 1 l-dehj'dro-lT-hj'droxj'corti- 


CHo 

h6oh 


CHS 

c=o 


9 % 



Pregnane-3(a ) , 
17,20-trIol 


Pregnane-3 (a ) ,17- 
d!ol-20-one 


Pregnane-3t q) , 20- 
d!ol-ll-one 


Fig. 10 


costerone and 17-hydrox3'progesterone must have the (a) configuration. A 
more sj'stematic name for 17-hydroxj'Corticosterone would be “A^-preg- 
nene-ll(^), 17(a), 21-triol-3,20-dione,” or, according to the sj'stem used bj' 
Selye, “17 ((3)-(l-keto-2-h3'drox3'ethyl)-A'’-androsten-3-one-ll (/3), 17 (a)- 
diol.” The latter name differs from that given b}' Seh'e in that the configu- 
rations assigned to the side chain and the hj'droxjd group at C-17 are re- 
versed in accordance with more recent emdeiice on the configm’ations at 
C-17. Note the order of “-one” and “-diol.” 

The term “ ll-oxj'steroids” has been applied recentlj' to urinar}' material 
which has the abilit}' to stimulate deposition of glycogen in fasting adrenal- 
ectomized rats or mice. This proper!}' is characteristic of the adrenal hor- 
mones which have an oxygen atom at C-11. Although it may be logical to 
assume that the urinary material which has this t}'pe of physiologic acthdty 
has an oxygen atom at C-11 it is undesirable to assign to it a name which 
includes a specific structural feature when the exact nature of the material 
is still unknown. The terms “corticoid,” “corticosterone-like” and “11- 
oxycorticosteroid-like” have also been applied to the urinary material. 
These terms imply only that the urinary material has properties like those 
of some of the adrenocortical hormones. 
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Probable metabolites of adrenal steroids arc pregnane-3(Q:),17,20-triol 
(Fig. 10, XXV) and prcgnanc-3(a),17-diol-20-one (XXVI). Pregnane- 
3(a),20-diol-ll-one (XXVII) (ll-ketopi-cgnanediol) is a metabolite of 
ll-dehj'-drocorticosterone and prcgnanc-3(o'),20(a)-diol (Fig. 8, XXI) is a 
metabolite of 11-desoxycorticosterone as well as of progcslcrone. In XXV 
and XXVII (Fig. 10) the 20-hydroxyI group probably has the same con- 
figuration as in the ordinary pregnane-3(a),20(o)-diol but this has not 
been established definitely. Also, the OH at C-17 most, probably has the 
(a) configuration but the configurat.ion has imt been proved definitely. 

ARTEFACTS 

Usually it is necessary to boil urine with mineral acids in order to hydro- 
lyze the conjugates of steroids with sulfuric and glucuronic acids. This pro- 
cedure is known to produce some unsaturated compounds which result 
from loss of a molecule of water. Such a compound is A-- or A-Candrosten- 
17-one, which is derived from a conjugate of androstcrone. The position of 
the double bond is uncertain. Others are A‘’'®-androstadien-17-one which 
is derived from deh 3 ''droisoandrosterone, and A®-”-androsten-3(o:)-ol-17- 
one, which is derived from androstane-3(Q’),ll(/3)-dioI-17-one. 


ESTROGENS 

In the estrogens, ring A of the steroid nucleus has become an aromatic 
ring; that is, essentially a benzene ring with three double bonds. In order 



Estrone (ohEstradlol Eetrlol 

Fig. H 


for this ring to accommodate three double bonds the methyl group at C-10 
has been lost. The aromatic character of this ring gives the hydroxyl 
group at C-3 the properties of a phenolic hydroxyl group. It has weakly 
acidic properties. 
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The saturated hydrocarbon which may be regarded as the parent sub- 
stance of the estrogens is named "estrane” (Fig. 11, XXVIII). It is almost 
identical with etiocholane but lacks the methyl group at C-10. The number- 
ing system is the same as for etiocholane. Inspection of the formula of es- 
trone (XXIX) shows that it has three double bonds, a hydroxyl group and 
a ketone group. Its systematic name, therefore, is “A' “-estratrien- 
3-ol-17-one.” a-Estradiol (XXX) is AL3.5:io_gg{;j.atriene-3,17(a)-diol and es- 
triol (XXXI) is A'-^ ®=*'’-estratriene-3,16(/3),17(a)-triol. Equilin and equi- 
lenin, respectively, are A^'®'^''®'‘-estratetraen-3-ol-17-one and 
estrapentaen-3-ol-17-one. The superscripts 5:10 and 8:9 indicate the ends 
of the double bonds in these positions, since the use of 5 or of 8 alone 
would be ambiguous. 

A more extensive discussion of steroid nomenclature will be found in the 
monograph by Fieser (7). This subject is also discussed in the books bj-^ 
Gilman (8) and Sobotka (9). Examples of tri\'ial and sj'stematic names of 
hormones and related steroids will be found in Selj^e’s Encyclopedia G)* 
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FRED CONRAD KOCH 
IS76-194S 

Fred Conrad Koch died at his home in Chicago on Januan- 26, 194S. Not 
long before he had been ill with pneumonia but convalescence seemed to be 
progressing. Death, presumably from a heart attack, was unexpected. Those who 
mourn him maj’ take some comfort from the circumstance that he was spared the 
long months of feebleness, disintegration of abilities, pain and anticipation of 
death that are so common. The image of full and friendly ^gor left at our last meet- 
ings remains unimpaired. 

Professor Koch’s entire career developed within his native slate. He was born 
in 1S76 in Chicago. He studied at the Universitj’ of Illinois, obtaining his bachelor’s 
degree in 1S99. After two further years there, teaching and working in organic chem- 
istry, he went to Armour and Company as a research chemist. In 1909 his work 
took a new turn. The formal study of biochemistry was begun on a fellowship at the 
Universitj’ of Chicago under A. P. Mathews. He received the Ph.D. degree in 1912. 
From then on until his retirement in 1941, he was affiliated with this department 
of biochemistrj’, serving as acting chairman from 1919 to 1926 and as chairman 
thereafter. His academic life culminated in 1941 with his appointment to the Frank 
P. Hixon Distinguished Service Professorship. When his universitj’ duties were over 
he resumed his old association with Armour and Company, sernng as director of 
biochemical research. His career matured slowlj’ but suffered no decline with ad- 
vancing j’ears. Well merited recognition came late after long arduous effort. He knew 
no true retirement. 

His diversified contributions to endocrine research are well known to all. He will 
be best remembered, however, bj’ his influence on the development of our under- 
standing of testicular function. In 1926 he guided the work of a graduate student, 
L. C. McGee, in demonstrating the power of bull-testis extracts to induce growth of 
the capon’s comb. With T. F. Gallagher and others this response was adapted to 
the quantitath'e measurement of the androgenic potencj’ of tissue extracts, bodj’ 
fluids and pure steroids. With several others, the details of biological reactions to 
male hormone and hormone-like substances were described. Methods of extraction of 
active materials from urine were elaborated and an initial account given of the oc- 
currence of androgens and estrogens in the urine of man. The discoverj’ of androgenic 
activitj’ in the urine of women was startling in its daj' and has set a perennial phj’si- 
ological problem. In his later j’ears he was much concerned with pituitarj’ functions 
and at Armour and Companj’ accomplished the production of adrenotropins of high 
qualitj’ and in sufficient amounts for biological and clinical experiment. He gave 
attention to manj’ other biochemical matters. With his wife and constant collabora- 
tor, Elizabeth jMiller Koch, continuing studies on vitamin D were pursued. 

Professor Koch was a devoted member of the Association for the Studj’ of In- 
ternal Secretions, serving as its president in 1937. He received the coveted Squibb 
Award in 1942. Manj’ will gratefullj' recall his tireless attention to the multitude of 
papers at our sessions, without regard to the greater or lesser fame of the speakers, 
and his unending courtesy to all in discussions after hours. 

Claude Bernard once said, “Art is mj’self, science ourselves.” This Professor 
Koch understood bj* temperament and instinct rather than from bitter lessons. As 
a great teacher he felt his highest honors in the success of his students. Their work 
now ramifies through manj’ subjects, and much of it deals with endocrinologj’. 
From such seeds the harvest is incalculable. Here lies abundant fatherhood. The 
general sense of loss is tempered now bj’ gratitude for what has been done. 



ANNOUNCEMENT OF THE 1948 
MEETING OF THE ASSOCIA- 
TION FOR THE STUDY OF 
INTERNAL SECRETIONS 


The Thirtieth Annual Meeting of the Association for the Study of In- 
ternal Secretions will be held in the Palmer House, Chicago, Illinois, June 
18 and 19, 1948. 

The scientific sessions will be held in the Red Lacquer Room and regis- 
tration will be on the fourth floor just outside the Red Lacquer Room. The 
Annual Dinner will be held in the same room on Friday, June 18th at 7 
p. M. and will be preceded by a cocktail party, the location of which Avill 
be announced later. 

All members of the Association who plan to attend the Thirtieth Meeting 
are urged to make their reservations at once with the Palmer House, stat- 
ing the time of arrival and how long they plan to remain in Chicago . 

The program of the meeting will appear in the April or May issue of 
the Journal, and the abstracts of papers presented at the annual meeting 
will be published in the July issue. 
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STUDIES IN SERUM ELECTROLYTES. XVI. 
CHANGES IN THE SERUM AND BODY 
FLUIDS IN ANOREXIA NERVOSA 

F. WILLIAM SUNDERMAN, AI.D., Ph.D.,* 

AND EDWARD ROSE, M.D. 

From the William Pepper Laboratory of Clinical Medicine, the Endocrine Section of the 
Medical Clinic, Hospital of the University of Pennsylvania, and 
Temple University Medical School, Philadelphia, Pa. 

T he purpose of this paper is to report studies of changes in composition 
and distribution of the bodj"- fluids and serum electrolytes; assay's of 
urinary hormones; and observations on chloride metabolism in a patient 
suffering from anorexia nervosa, whom we have followed for a period of three 
years. VTierever possible, our data are compared to those recently re- 
ported (1) pertaining to a severely emaciated indiUdual who had under- 
gone a voluntary fast for rehgious reasons for a period of 45 daj’-s. Such 
comparison would seem appropriate since the data might be regarded as 
pertaining to chronic and acute undernutrition, respectively. 

The S 3 mdrome of anorexia nervosa has been so extensivelj^ described 
that no attempt will be made to remew the literature or to repeat the cUni- 
cal description of the disorder. 

CASE REPORT 

The patient, F. J., is a white, married woman, 29 3 'ears of age. At the age of 17 
she weighed 112 pounds but became obsessed with the idea that she was overweight. 
She then began to reduce her caloric intake. During the next nine j-ears her weight grad- 
uallj' fell to a minimum level of 56 pounds. She insisted that throughout this period her 
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appetite remained normal and that she enjoyed her meals. For several years she had 
noted increasing constipation with much indigestion, characterized by /Jatulonce and 
vague, generalized abdominal discomfort. During the jjast few years she frequently in- 
duced vomiting after meals. Although she complained of increasing weakness and fatig- 
ability, this was belied by her sprightly behavior during her hospital admissions. 

The patient's menses began at the age of 17 but were very scanty and after a few 

months they ceased entirely for about two years. 
Scanty, irregidar menstruation then recuiTcd for about 



two .years, but amcnorrhe;i has been complete for the 
past si.v 3 'cars. The j)atient married at the age of 21 but 
never became pregnant. Her libido was alwa 3 's mini- 
mal and for the j)ast several .years she has been com- 
j)letcl 3 ' frigid. D 3 'spareunia has been increasingl 3 " 
severe. 

The jjatient’s j)ersonaHt 3 '- has been definiteb’- abnor- 
mal, Although she talked at length about her com- 
plaints, she was vague regarding dates and time rela- 
tionships. She quarreled with man 3 ’- of her ph 3 '-sicians 
and has been bitterl 3 ’^ critical of the various hospitals 
where she had sta 5 'ed. During each of her several ad- 
missions to the medical wards of the Hospital of the 
University of Penns 3 dvania she quarreled with the 
nursing and dietetic staffs and with her fellow patients. 
She enjo 3 '^ed the attention of students and ph 3 '’sicians 
and was alwa 3 's eager to be presented at clinical lec- 
tures or to be the subject of laboratory tests. She had 
baffled the best efforts of several ps 3 '-chiatrists to dis- 
cover the real basis of her behavior. From time to time 
she exhibited anxiet 3 >' regarding the possible existence 
of organic diseases such as brain tumor, cholec 3 "stitis, 
or intestinal obstruction. 

On physical examination the patient’s appearance 
xvas one of striking emaciation without commensurate 
muscular weakness (Figure 1). She was 61 inches in 
height and weighed 56 pounds. Cranial, axillar 3 q and 
pubic hair were normal in amount. The hair was some- 


what dry. Hypertrichosis was present on the face, fore- 


PlGURE 1 


arms, and back. The skin was diy and wrinkled with 
some scaling. Her blood pressure measurements av- 


eraged 110 /SO mm. of Hg. The patient’s pulse rates 
were normal but her oral temperatures were subnormal throughout most of the period 
of our observations, recordings between 96® and 97° F. being obtained almost daily. The 
raucous membranes of the mouth and phar 3 mx were pale and smooth. Dental caries was 
widespread and she had only four teeth remaining in her lower jaw. No subcutaneous ad- 
ipose tissue was apparent and the breasts were atrophic. The uterus and ovaries showed 
marked atrophy. There was unusual prominence and distention of the peripheral veins. 

The blood examinations obtained on her several admissions since 1944 have shown 
a slight anemia. The hemoglobin concentrations ranged from ll.S to 14 Gm. per 100 ml. 
The erythroC 3 '-te counts varied from 3.4 to 4.0 million per cu. mm., and the leucocytes 
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from 5000 to 8500 per cu. mm. Routine urinalyses were normal. Serologic tests for syphi- 
lis gave negative reactions. The basal metabolic rates were slightly decreased without 
any corresponding increase in the concentration of serum eholesterol. For example, on 
one occasion when the basal metabolic rate was minus 19 per cent (the lowest measure- 
ment obtained), the serum cholesterol was 194 mg. per. 100 ml. 

X-ray examinations of the skull, pituitary fossa, sinuses, chest, gallbladder, and en- 
tire gastro-intestinal tract showed nothing abnormal. Water excretion tests for adrenal 
cortical function by the method of Robinson, Power and Kepler (2) were normal. 

Ballistocardiographic studies by Dr. Isaac Starr showed an excessive circulation rat- 
ing of plus 4.3 per cent estimated in terms of her actual weight but onlj’ plus 9 per cent 
when estimated in terms of her ideal weight. 

It should be mentioned that the patient did not exhibit clinical e\'idence of a^•ita- 
minosis at any time. 

RESULTS 

Our metliocls of analj^ses are given in a pre^^ous paper (1). The distribu- 
tion of the serum components and comparisons with the fasted individual 
and the normal range of values are given in Table 1. It will be seen that in 
both the patient with anorexia nervosa and the fasted indi\’idual the con- 


T.^ble 1. Sebum Analyses 



F.J. 

(Anorexia 

Nervosa) 

B.D. 

(Prolonged 
Fasting — 

45 days) 

Normal 

Cl 

58 

74.0 

99-104 mEq./L. 

CO: 

138 

100 

55-60 vol. per cent 

Total Base 

129 

141 

143-148 mEq./L.' 

K 

3.0 

— 

3—4 mEq./L. 

Ca 

10.6 

12.2 

9-11 mg./lOO ml. 

Mg 

2.8 

2.7 

1. 9-2.0 mEq./L. 

P (Inorg.) 

3.7 

3.4 

3-4 mg./lOO ml. 

Protein 

6.3 

6.2 

6-7 Gm./lOO ml. 

Albumin 

4.6 

5.0 

3. 3-4. 3 Gm./lOO md. 

Globulin 

1.7 

1.2 

2. ‘2-2.8 Gm./lOO ml. 

Cholesterol 

245 

198 

170-190 mg./lOO ml. 

Ester. Choi. 

200 

184 

90-114 mg./lOO ml. 

Urea Nitrogen 

9 

24 

9-17 mg./lOO ml. 

Uric Acid 

5.3 

9.0 

3-4 mg./lOO ml. 

Creatinine 

1.6 

1.4 

1-1 .2 mg./lOO ml. 

Glucose 

62 

63 

80-110 mg./lOO ml. 


centrations of serum chloride were remarkablj’’ decreased. In our patient 
with anorexia nervosa, values of serum chloride between 50 and 60 mEq. 
per liter have practically alwaj’^s been obtained; in the fasted subject the 
concentration of serum chloride on the 45th day of fasting was 74 mEq. 
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per liter. Altho\igli oiir patient had vomited after meals on a number of 
occasions and especially when chlorides were administered intravenously, 
nevertheless, it would seem to us that the decreased concentration of serum 
chloride cannot be explained entirely on this basis. Moreover, a similar 
decrease in chloride was observed in the fasted individual who had not 
vomited during his fasting period. 

It will be seen that the decreased concentration of serum chloride was 
compensated b.y an increase in the concentration of bicarbonate. Although 
this inverse relationship is unexplained, it seems reasonable to relate it to 
diminished intake of chloride with .substitution of bicarbonate derived 
from endogenous sources. The decreased concentration of total base was 
due to a decrease in the concentration of serum sodium. Similar reduction 
in serum sodium concentration has been reported in Simmonds’ disease 


Table 2. Electrophoretic AxalVvSis of Serum, 
(F.J.), Anorexia Nervosa 


Total Protein 

7.09 Gm. per 100 ml. 

Albumin 

4.50 Gm. per 100 ml. 

Total Globulin 

2.59 Gm. per 100 ml. 

Alpha Globulin 

0.49 Gm. per 100 ml. 

Beta Globulin 

0.92 Gm. per 100 ml. 

Gamma Globulin 

1 .18 Gm. per 100 ml. 


(3) . It should be noted that the diminutions in the concentrations of serum 
chloride both in the patient with anorexia nervosa and in the fasted indi- 
vidual were much greater than the diminutions in serum total base. From 
these studies it may be inferred that the factors regulating the serum elec- 
trolytes are more concerned with the maintenance of a normal distribution 
of cations than of anions. 

The increase in the magnesium concentration in the serum of both indi- 
viduals has been of particular interest. Hypermagnesemia is reported as a 
characteristic finding in animals during hibernation (4) and has recently 
been reported (5) in an infant with a hypothalamic lesion having subnormal 
temperature and a depressed metabolic state. 

The concentrations of the total serum protein were normal both in the 
patient with anorexia nervosa and in the fasted subject. It will be observed 
however, that upon salting out the globulins, the albumin fractions in 
both individuals were greater than normal, thus yielding exceptionally 
high albumin-globulin ratios. 

In Table 2 is given the electrophoretic analysis of a sample of serum. 
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It should be noted that in this sample the concentrations of the four com- 
ponents were essentially within the normal range of values. 

The total cholesterol in the serum reported in Table 1 was 245 mg. per 
100 ml. and the esters were over SO per cent of the total. Since both serum 
albumin and cholesterol esters are probably sjmthesized by the liver, the 
increased levels of these components suggest that there was an unusual 
degree of hepatic acthdty during which these components were liberated. 
That this seems reasonable is suggested by the studies of Addis, Poo and 
Lew (6) who found that the livers of rats may lose as much as 40 per cent 
of their original protein after a seven day fast. 

Of the nonprotein nitrogen components the uric acid and creatinine 


Table 3. Fluid Distribution 



F.J. 

Anorexia 

Nervosa 

B.D. 

Prolonged 

Fasting 

Normal 

Serum Volume 

ml. 

ml. 

ml. 

ml. /Kg. preseut weight 

68. 0 

57.7 

43-48 

ml./Kg. initial weight 

38.9 

37.8 


Total serum volume 

1856 

2539 


Extracellular Water 

Per cent 

Per cent 

Per cent 

(present weight) 

17.6 

33.4 

20-25 

(initial weight) 

10.1 

23.6 



concentrations were increased in both indi^’iduals. The concentration of 
urea nitrogen was increased in the fasted subject but not in the patient 
with anorexia nervosa. Increase in the concentrations of the nonprotein 
nitrogen components has been reported by a number of investigators 
during fasting (7, 8, 9) and would appear to be due to the increased catabo- 
lism of protein. The normal concentrations of urea nitrogen observed in 
anorexia nervosa may be due to minimal catabolism of protein. The con- 
centrations of serum glucose during fasting were decreased below the nor- 
mal range of values in both indiAuduals. 

In Table 3 are given the values for the serum volume and the volume 
of extracellular fluid (thiocyanate space). The values for serum volume in 
our patient wdth anorexia ner^^osa as well as in the fasted subject were 
greatly increased when calculated in relation to actual bodj' weight. How- 
ever, when calculated in relation to the initial or ideal weight, the values 
for serum volume were decreased below the normal range. The prominence 
and distention of the superficial veins, as well as the ballistocardiographic 
studies previously mentioned, suggest that the volume of the circulatory 
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bed had not been greatly altered. In thif? connection it might be mentioned 
that during starvation the lieart and brain lose pci'ccntilely less weight 
than other organs (10). 

The difference in the volume of extracellular fluid between the patient 
suffering from anoi'exia nervosa and the fasted subject was strildng. In 
the fasted subject the extracellular fluid volume was clevnlnd in relation 
to his fasting weight but when calculated in rclaiion to his pj-efasting 
weight it was within the normal range of values. On the other hand, the 
patient suffering from anorexia nervosa revealed a striking percentile 
decrease in the extracellular fluid volume in relation to her actual weight and 
ob\dously in relation to her ideal weight. It seems possible, therefore, that 
this dissimilarity may be due to the differences in the lengths of time during 
which these conditions lasted. 


Table 4. Assays of Ubixary Hormones 
(24-hour c.vcretion) 



F.J. 

Anore.\ia 

Nervosa 

Normal 

Gonadotropins 

none 

S- SO m.u. 

Estrogens 

<6 in.u. 

22-100 m.u. 

Neutral 17-Ketosteroids 

2.3 ing. 

9- 15 mg. 


Assays of the urinary hormones in the patient with anorexia nervosa are 
given in Table 4. As might have been anticipated the excretion of gonado- 
tropins was minimal-, — in fact none was detected in 24-hour samples of 
urine. The excretion of estrogens and neutral 17-ketosteroids was very 
low. 

In Table 5 are given the results of the insulin, galactose and glucose 
tolerance tests in our patient. Fraser and his colleagues (11) have suggested 
the use of the insulin sensitivity test in the differential diagnosis between 
pituitary cachexia (Simmonds’ disease) and anorexia nervosa. According 
to these investigators, in normal individuals and in patients with anorexia 
nervosa the concentrations of fasting blood sugar are within the normal 
range of values; one-half hour after gi^ang intravenously 0.1 Unit of insulin 
per kilogram of body weight, the concentration of blood sugar is decreased, 
returning to the normal fasting level within two hours. On the other hand 
in pituitary cachexia, the concentration of blood sugar is decreased at the 
end of one-half hour and remains decreased until after two hours. On three 
occasions in which this test was tried in our patient, the concentrations of 
blood sugar were decreased below the normal range at the one-half hour 
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period and remained so for two hours. In spite of these positive insuhn 
tolerance tests we believe that our patient was probably suffering from 
anorexia nervosa rather than from an organic lesion of the anterior pituitarj' 
gland (Simmonds’ disease). However, the differentiation between anorexia 
nervosa and Simmonds’ disease is an extraordinarily complex one. ^Tieth- 
er minor destructive lesions occur in the pituitary gland in anorexia 
nervosa and indeed whether the two diseases are independent of each other 
is speculative at the present time. In Table 5 it vdll be observed that in one 

Table 5. Tolerance Tests, 

(F.J.), Anorexia Nervosa 


Blood Sugar mg./lOO ml. 


Insulin Tolerance Test 

7/13 

7/19 

11/27 

Fasting 

58 

69 

66 

5 minutes 

66 

— 

— 

30 minutes 

44 

40 

16* 

1 hour 

- 

12* 

32 

2 hours 

Glucose Tolerance Test 

* 

46 

57 

(2-dose) 

Fasting 

62 

S3 


30 minutes 

128 

95 


1 hour 

119 

92 


Galactose Tolerance Test 


Blood Galactose 
fmg. per 100 ml.) 


5 minutes 

11 



30 minutes 

15 



1 hour 

4 




* SjTnptoms of shock. 

of the glucose tolerance tests the concentration of blood sugar did not rise 
to the usual level observed in normal indi\dduals. In this coimection it 
should be noted that although the concentrations of the fasting blood sugar 
have been frequently decreased in our patient, at no time did she manifest 
symptoms of spontaneous hyqioglycemia. In anorexia nervosa, in contrast 
to Simmonds’ disease, spontaneous hypogly^cemia has not been reported. 

The galactose tolerance test according to the method of Althausen (12) 
was essentially^ normal. 

CHLOKIDE BALANCE 

Of particular interest was the finding that our patient continued to ex- 
crete chloride in the urine even when the concentration of serum chloride 




represent chloride 
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was between 50 and 60 mEq. per liter. The amounts of chloride excreted 
were small, to be sure; however, they were readily measurable and ranged 
from 0.25 to 0.5 grams of NaCl (4.3 to 8.6 mEq. chloride) per day. Nor- 
mally from 6 to 12 grams of chloride as NaCl (100 to 200 mEq. chloride) are 
excreted in the urine in 24 hours. Chloride usually" disappears from the 
urine, except for traces, when the serum chloride falls to levels below 80 
mEq. per liter. Although the so-called renal threshold for chloride is prob- 
ably not as definite a level as was once believed, nevertheless, there is un- 
doubtedlj’^ a normal tendenc}' for the body to conserve chloride and to 
prevent its excretion in the urine when the chloride concentration in the 
serum is decreased below the normal range of 98 to 104 mEq. per liter. It 
would appear that the threshold for excreting chloride in our patient with 
anorexia nervosa has been remar kablj’- reduced. Although the water excre- 
tion test for adrenal function was never positive, the urinar 3 ’- excretion of 
neutral 17-ketosteroids was low. This suggests some functional insuffi- 
ciency of her adrenal cortex. Such insufficiencj' maj’^ possibly have reduced 
the ability of the renal tubules to reabsorb chloride and thus maj’" have 
contributed to the reduced levels of serum total base and chloride. 

In Table 6 are given data pertaining to the measurements of chloride 
balance and concentration of serum components undertaken at a time 
when the patient was given NaCl intravenously'. Soon after commencing 
saline infusions, the patient began to vomit. It wiU be seen that during the 
five day period of this therapy', the patient showed a positive chloride 
balance from 4.85 to 7.59 grams of NaCl (83 to 130 mEq. chloride) per 
day during the first three day's. Since the patient was constipated, the 
amount of Cl excreted in the stool, which is presumably' less than 0.5 
grams NaCl (8.6 mEq. chloride) per day, was not included. At the time of 
these studies the concentration of serum chloride increased from 64.0 to 
94.0 mEq. per liter and the total serum CO 2 decreased from 119 to 85 vol- 
umes per cent. The concentration of total serum protein also decreased to 
4.6 grams per 100 ml. During the next two day's vomiting became increas- 
iiigly severe and the vomitus contained increasing amounts of chloride. 
Moreover, the patient became strikingly' edematous. The intravenous 
administration of NaCl was therefore discontinued. Within two weeks 
thereafter, the patient lost her edema, and her serum electroly'tes reverted 
to their pre\’ious pattern. 

COMMENT 

The pattern of our patient’s personality' conformed closely' to that seen 
ty'pically' in anorexia nervosa. Moreover, we were unable to discover or to 
eradicate the basic psy'chic abnormality' which was almost certainly the 
cause of her initial compulsion to restrict her diet at a time when she weighed 
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only 112 pounds. The gradual replaccineni of a reduced caloric intake by 
prolonged periods of fairl}'’ normal diet accompanied by postprandial 
vomiting emphasizes the ineptness of the term ‘'anorexia nervosa.” 
Anorexia in the true sense of the term is by no means always seen, even 
when imdernutrition results from reduced food intake rather than from 
habitual vomiting. The dietary restriction often results more from the 
exercise of will than from actual distaste for food. likewise, the term 
“nervosa” is meaningless. The substitution of a more accurately descrip- 
tive term, such as “chronic psychogenic undernutrition,” appears desirable. 
However, the term “anoi’exia nervosa,” like many other vague and in- 
accurate descriptive names in medicine, has become so deeply rooted by 
custom that its elimination seems well Jiigl) impossible. 

Our patient showed the usual disparity between the degree of cachexia 
and the extent of actual muscular asthenia. Controversj'’ has long existed 
concerning the relative importance of psychic factors versus ph 3 ^siologic 
derangement of certain organ systems, especiallj’^ the endocrine, in some 
chronicallj'' undernourished patients. This difficulty has resulted in con- 
siderable confusion of terminologj’- in the literature, particular!}' in regard 
to the diagnosis of pituitai'y cachexia, Manj' cases are described as ex- 
amples of anorexia nervosa. The evidence in our case points toAvard the 
development of phj'siologic depression of the endocrine system probaby 
as a result of chronic inanition Avhich in turn was due to primar}' psychic 
or emotional factors. In this sense, then, the existence of a true functional 
hypopituitarism in the later stages of the disorder must be admitted, and 
such a functional hypopituitarism probabl)' contributes in large part to 
the state of depression found in the other endocrine target-organs (th^uoid, 
adrenals, gonads). Nevertheless, there remain in most cases both objective 
and subjective distinctions which usually make it possible to differentiate 
between the functional and the truly organic t 5 'pes of anterior pituitar}' 
deficiency. It, therefore, appears desirable to reserve the term “pituitary 
cachexia” (Simmonds’ disease, panhypopituitarism, cachexia hypophys- 
eopriva) for those cases in which organic destructive lesions of the anterior 
pituitary (including atrophy Avith fibrosis) can be demonstrated or reason- 
ably inferred. 

SUMMARY 

Studies of the changes in composition and distribution of the body fluids 
and serum electrolytes have been made in a patient with anorexia nervosa. 
These have been compared with similar studies previously reported in a 
severely emaciated individual who had undei'gone a voluntary fast for a 
period of 45 days. 

The concentrations of serum chloride were remarkably decreased in both 
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indi^’iduals. The decreased concentrations of chloride were compensated by 
increases in the bicarbonate. Although the concentrations of serum total 
base were decreased in both subjects, the decreases of total base were much 
less than those of chloride. It appears that the factors regulating the serum 
electrolytes are more concerned with maintenance of normal distribution 
of cations than of anions. 

The concentrations of serum magnesium were increased in both indi- 
\'iduals. 

The concentration of serum albumin, cholesterol esters, uric acid and 
creatinine were increased in both subjects. 

The- serum volume in each subject was increased when calculated in 
relation to actual weight, but was decreased when estimated in relation to 
the normal weight. 

The volume of extracellular fluid was decreased in the patient with 
anorexia nervosa. In the fasted subject the volume of extracellular fluid was 
increased in relation to his actual weight, but was within the normal range 
when calculated in relation to his prefasting weight. 

The carcUac output (ballistocardiographic method) was increased in each 
subject when estimated in relation to actual weight, but was normal 
when estimated in relation to ideal weight. 

The patient with anore.xia nervosa continued to excrete chloride in her 
urine even when the concentration of sermn chloride was below 60 mEq. 
per liter. 

Measurements of chloride balance made during a period of intravenous 
administration of NaCl in the patient with anorexia nervosa showed a 
positive chloride balance for the first three days; during this period the 
concentration of serum chloride increased from 64.0 to 94.0 mEq. per liter. 

The patient vtith anorexia nervosa showed increased sensiti'vity to 
insulin, lowered basal metabohc rates and decreased nrinarj’- excretion of 
estrogens, gonadotropins and neutral 17-ketosteroids. These findings sug- 
gest functional insufficiency of the anterior pituitary, gonads, and perhaps 
of the thjToid and adrenal cortex. The relationship between the sjmdrome 
of anorexia nervosa and functional insufficiency of the endocrine system has 
been briefly discussed. 
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T he observation that there is a diurnal rhythm in urinary ketosteroid 
excretion (1, 2, 3) and that this may be related to stress-stimulated 
adrenocortical secretion (2) led us to examine other possible indices of 
adrenocortical secretion. The development of a method for measuring 
neutral reducing lipid in urine by Heard and Sobel (4) and the indications 
that this material represents in large part corticosteroid possessing reduc- 
ing actmty by \nrtue of its a-ketol sidechain (4, 5, 6), offered an oppor- 
tunity to assess the diurnal changes in excretion of adrenocortical sub- 
stances, which are entirely different from those of the 17-ketosteroids. 

2^IATERIAL AND METHODS 

Twenty-four normal healthy men ranging in age from 24 to 72 3 'ears 
(see Table 1) were the subjects of this investigation. Urine was collected 
over a 24-hour period in three lots covering approximate^ the periods 11 
p.m. to 7 a.m. (sleep), 7 a.m. to 11 a.m. (morning) and 11 a.m. to 11 p.m. 
(day). 

From an aliquot of each collection, fractionation for the neutral ketones 
and 17-ketosteroid determination was made by methods pre^dousl}’^ de- 
scribed (7). A second aliquot was employed for determining neutral reduc- 
ing lipid by the Heard-Sobel method (4). In our experience the urine of 
normal men ordinarily contains sufficient 17-ketosteroid and neutral re- 
ducing hpid to make the equivalent of a half-hour collection sufficient for 
accurate colorimetric determination. Creatinine determinations were made 
routinely on each specimen (7). 


RESULTS 

In Table 1 we present for each subject the urinarj’^ outputs of neutral 
reducing lipid and 17-ketosteroid respectivelj’’, on the basis of mg. per 
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lioiirs niid ing. per Gi^i. of creatinine. An inspection of the 
table indicates that for both types of .steroid and on either measurement 
basis, the great majority of .subjccLs have minimal outputs during the .sleep 
period. Actually the 17-ketosteroid measurements on a 24-hour basis show 
only two men in whom t,hc sleep value is not le.ss than ch-lier of the waking 
values; on a gram-creatinine basis t.hcre are three such men. vSimilarly the 
sleep “cortin” output is highest in only four subjects on the 24-hour basis 
and in onl}^ two on a gram-creatinine basis. 


Table 1 . Nbutbal Reducevg Lnai)* (“Cohtin”) anb 17-Ketosteboid 
U ntN-ARy OuTi’UTs or Normal, Healtuy Men 


Subject 

No. 

Aco 

Yrs. 

Mr. per 2 ( Ifour.*) 

Mr. per Gm. of Cre-ilinine 

''CoHin" 

Z7-lCetos(eroid.s 

“Cortin** 

17- 

Ketosferoids 

S)rep Morn- 
iuK 

n;.y 

Sleep 

Mor/ 1 - 

iuK 

U/iy 

Sleep 

Morn 

itiR 

Uny 

Sleep 

Aforn- 

inp 

Day 

1 

24 

1.06 

2.. 58 

1.74 

0.24 

18.72 

9.36 

0.56 

3.26 

0.72 

3.27 

9.15 

3.88 

2 

24 

2 .42 

2.10 

2 . 13 

4.32 

12.24 

16.50 

1.01 

0.00 

1.02 

1.80 

4.01 

7.92 

S 

24 

1.39 

2.91 

1.71 

14.16 

29.76 

10.32 

1.00 

1.29 

1. 14 

10.20 

13.20 

10.90 

4 

26 

0.71 

0.77 

1.40 

11.28 

6.72 

14.16 

0.38 

0.39 

0.80 

5.96 

3.44 

7.74 

5 

27 

0.62 

2 .32 

1.51 

9.00 

12.72 

7.92 

0.57 

1.09 

1.18 

S.OO 

9.30 

6.18 

6 

27 

1.50 

1.83 

3.23 

14.10 

16.32 

15.84 

1.00 

1 ..33 

1.03 

O.OS 

11.85 

8.00 

7 

27 

2.03 

2.34 

1.02 

12.96 

19.68 

19.20 

1.48 

1.18 

0.55 

9.45 

9.93 

10.40 

S 

28 

0.5S 

1.71 

1.39 

8.88 

4.80 

10.50 

0.38 

1.20 

0.70 

6.75 

3.36 

5.28 

9 

29 

0.9S 

2.42 

1.49 

11.28 

20.10 

8. 88 

0.54 

1.21 

1.05 

6.27 

10.08 

0.25 

30 

30 

1.17 

2.40 

1.75 

13.20 

24.24 

21.36 

0.54 

1.36 

0.98 

6.63 

13.60 

12.20 

11 

32 

3.39 

3.25 

3,28 

10.50 

16,80 

12.24 

2,13 

2.34 

2.26 

6.65 

12.10 

8.45 

12 

33 

1,51 

2.30 

1.48 

31.60 

15.84 

27.36 

0.99 

1.76 

0.61 

14.20 

12.10 

11.30 

13 

34 

0.63 

1.14 

0.09 

4,80 

10.08 

7.02 

0.42 

0.60 

0.37 

3.20 

5.40 

4.25 

14 

34 

0.82 

1.70 

1.16 

7.44 

9.60 

9.60 

0.40 

1.16 

0.72 

4.48 

6.50 

5.93 

15 

35 

1.14 

2.49 

1.50 

3.12 

11.04 

4.32 

1.07 

1.25 

0.97 

2.02 

5.55 

2.03 

16 

35 

0.55 

1 .22 

1.34 

8,40 

13.92 

7.44 

0.31 

0.61 

0.60 

4. so 

6.96 

3.30 

17 

35 

1.65 

2.10 

1.42 

9.00 

14.30 

6.48 

O.SS 

1.36 

0.98 

5.10 

9.20 

4.3S 

18 

37 

2,05 

1.83 

2.02 

7.68 

7.44 

7.20 

1.46 

2.35 

1.85 

5,50 

9.55 

6.60 

19 

39 

1.03 

2.18 

1.08 

12.48 

17.04 

15.00 

0.55 

1.04 

0.45 

6.70 

8.10 

6.50 

20 

39 

1.59 

2.43 

1.95 

7.92 

11.28 

12.00 

0.7S 

1.45 

0.78 

3.00 

0.70 

4.67 

21 

44 

2,30 

3.04 

2.50 

6.90 

24.24 

19.08 

1.98 

2.08 

1.42 

6.00 

16.60 

10.90 

22 

47 

2.39 

2.83 

1,86 

2.10 

6.96 

5.76 

1.59 

1.90 

0.96 

1.44 

4.67 

2.99 

23 

56 

2.37 

1.70 

2.11 

5.52 

3.12 

4.08 

1.31 

1.09 

1.06 

3,05 

2.00 

2.04 

24 

72 

0.80 

1.23 

1.35 

1.68 

3.60 

3.12 

0.78 

0.95 

0.88 

1.65 

2.77 

2.04 


* ExpressetJ as ll-dcsoxycorticosterone equivalent. 


We have previously reported a general pattern of daily excretion of 17- 
ketosteroid involving a maximum output shortly after waking and a de- 
cline thereafter to minimal values at night (1, 2, 3). Departures from this 
pattern are occasioned by stressful activity (2, 3, 6) but where it generally 
obtains, we would expect “sleep” outputs to be low, the “morning” output 
highest and the “day” values less than the “morning.” Among these 24 
sets of collections, 19 exhibit this typical pattern on the hourly calculation, 
18 on the gram-creatinine basis. The data of Table 1 show a similar excre- 
tion pattern for the neutral reducing lipid; 17 and 19 sets of determinations 
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show this pattern among the 24-hour rate and gram-creatinine values re- 
spectively. 

In Table 2 we present the mean output values for the 24 subjects and 
the percentage increase of the morning and day values over the sleep val- 
ues. We pre^’iously reported approximately a 60 per cent increase of morn- 
ing over sleep values (5) of 17-ketosteroid calculated on an hourly excretion 
basis. For these data the increase is 58.1 per cent. The neutral reducing 
lipids show a mean increase of 47.3 per cent for the same period. The 


Table 2. The AIeax Urinary Ootpgt Values for IT-Ketosteroid and 
Neutral Reducing Lipid and the Variability Thereof 



Sleep 

Morning 

Day 


Values of “t” 
for per cent 
difference 
between 
sleep and 

CoefScients of 
Variation (%) 

1. 

Mg. 

2. 3. 

rer 
cent 

Mg. 

crease 

over 

sleep 

4. 

Mg. 

5. 

Per 

cent 

in- 

crease 

over 

sleep 

6. 7. 

Mom- _ 

Day 

mg 

8. 9. 

Mom- 

Sleep 

mg 

10. 

Day 

Keutrol reducing lipid — per 

1.43 

2.12 

1.72 





24 hrs* 

±0.153 

±0.128 -17.3 

±0.124 

18.6 

3.40 2.57 

SI .7 29.6 

35.3 

17-ketosteroid per 24 hrs. 

9.00 

13.77 

11.79 






±0.929 

±1.404 58.1 

+ 1.259 

31.0 

3.14 2.66 

50.6 50.0 

52.3 

Neutral reducing lipid — per 

0.93 

1.31 

0.97 





Gm. creatinine 

±0.104 

±0.104 40.8 

±0.091 

6.4 

3.33 1.96 

M.8 39 _0 

44.8 

17-ketosteroid per Gm. crea- 

5.70 

8.17 

6.45 





tinine 

±0.637 

±0.792 43.3 

±0.629 

13.21 

3.21 1.34 

54.7 47.5 

47.8 


percentage differences between the sleep and morning values for both 
17-ketosteroid and “cortin” are statistically significant on either basis of 
calculation (p <0.01, column 6). The percentage differences between sleep 
and day values he just below the 2 per cent level of confidence (p =0.02 
when t =2.5 @ 23 degrees of freedom) when the mg. per 24-hour values are 
examined ; but he above the 5 per cent level of confidence on a gram-creati- 
nine basis. The data then, on the whole, exhibit significant rises in output 
for the waking hours and demonstrate a genuine diurnal change. The per- 
centage increase in 17-ketosteroid values for the waking hours is, on the 
average, higher than the corresponding “cortin” increases (columns 3 and 
5) but in these data the differences are not statistically significant. This 
may in part be due to the rather large variation between men. W e have pre- 
viously observed that each indirddual tends to excrete 17-ketosteroid at 



224 GREGORY PINCUS, LOUISE ROMANOFF AND JAMES CARLO Volvmc S 


a fairly characteristic level but that among normal men there is a wide 
absolute scatter (1, 2), The coefficienls of variation listed in Table 2 
(columns 8, 9, 10) illustrate this variability. It is interesting that in the 
morning values and to a lesser extent in the day values, the scatter is 
decreased for the "cortiid' but not particularly for the 1 7-ketosteroid 
(cf. columns 9 and 10 with column 8). 

In view of the fact that the outputs of both 17-kctosteroid and neutral 
reducing lipid show the same sort of diurnal rhythm, we have attempted to 
see if thej’^ are correlated. In Table 3 we present the correlation coefficients 
for the absolute outputs and the percentage and absolute increases. These 
coefficients were calculated on the mg. per 24-hour output data. The only 


Table 3. Cobrelation Cokiticients for Various 17-Ki;tostero]d 
AND Neutral Reducing Lipid Data 



1. 

2. 

0 

4, 

Period 

Reducing lipid vs. 

Sleep* 

Morning* 

D.ay* 

All Vainest 

17-ketosteroid 

+0.046 

+0.612 

+0.153 

+0.372 

absolute outputs 

Period 

Per cent 

Per cent 

Absolute 

Absolute 


change, morn- 

change, da}' 

change in 

change in 


ing over 
sleep* 

over sleep* 

output, morn- 
ing over sleep* 

output, day 
over sleep* 

Reducing lipid vs. 

17-ketosteroid 

+0.024 

-0.319 

+0.377 

-0.214 

output changes 


* D.F. =23 r @ 5% level of confidence =0 .396 
t D.F. ==70 r @ 5% level of confidence =0.232 
r @ 1% level of confidence =0.302 


significant correlation coefficients are those for the absolute output levels 
for all the data (column A4) and especially for the morning outputs 
(column A2). It is clear that the significant overall correlation is heavily 
weighted by the high correlation for the morning outputs. These significant 
positive correlations indicate that in these men, a relatively high output of 
1 7-ketosteroid is generally accompanied by a high output of '‘cortin” 
and vice versa; and that this is especially true in the morning hours. Since 
this is the period when the values of both 1 7-ketosteroid and 'Tortin'' tend 
to be at a maximum, we might expect a significant correlation between the 
absolute increases of each over the sleep level (column B3). The correla- 
tion coefficient of +0.377 actually obtained just fails of significance. Since 
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no significant correlation for output changes is obtained either on a per- 
centage or absolute basis we can only conclude that the factors causing 17- 
ketosteroid to change are not necessaril}’- the same which cause the neutral 
reducing lipid to change. Calculation of possible correlation between output 
changes on the basis of gram-creatinine output gives similar nonsignificant 
values. 

DISCUSSION 

These data clearlj'’ indicate significant diurnal changes in both 17-keto- 
steroid and neutral reducing lipid output. Moreover the diurnal pattern 
of urinary excretion is similar for each. Nonetheless, the lack of significant 
correlation between the changes in the two outputs implies independent 
variation in these changes. We have pre\'iously shown (6) that ps 3 ^cho- 
motor stress in normal men evokes an increased excretion of both 17-keto- 
steroid and “cortin,” whereas the administration of glucose evokes an 
increased output of the latter but not the former .Since the specimens taken 
during the waking hours include mealtimes, the carbohj'drate ingested 
(or formed from the food) maj’- especiallj" influence the “cortin” produced. 
The implication that the adrenal cortex maj" secrete 17-ketosteroid precur- 
sors independent of neutral reducing lipid precursors is most interesting. 
The fact that there is significant positive correlation between all absolute 
output values (Table 3, A4) implies that the general level of secretion of 
these precursors goes hand in hand. It is puzzling, therefore, that there is 
no significant correlation for the absolute sleep values (Table 3, Al) when 
one is presumabl}" dealing with a basal level of adrenocortical acti\'ity. 
MTiile it is recognized that 17-ketosteroid precursors maj' be secreted bj' 
the testis, they presumably" contribute only" a fraction of the urinary' output 
and there is no e%"idence that testis secretion varies diurnally". 

Further consideration of the lack of correlation between changes in these 
two indices of adrenocortical function leads to the consideration that in 
the human subject different adrenocorticotropins may" be involved. The 
pituitary" seems to be essential for an increase of adrenocortical secretion 
during the alarm reaction (8) and if we consider these diimnal changes as 
responses to the stresses of daily" life a differential evocation of pituitary" 
adrenocorticotropin is suggested. It is interesting to note that Hemphill 
and Reiss (9) in comparing reducing lipids in adrenals and blood after cold 
stress and corticotropin administration in animals, obtain different re- 
sponses. That urinary" 17-ketosteroid and corticoids do not go hand in hand 
has already" been shown by" Venning and Kazmin (10) for normal indi\'iduals 
and by" Yenning (11) for pregnant women. Venning’s measurements were 
for gly'cogenic urinary" steroids and these are certainly' not identical with 
the neutral reducing lipids we have measured. 
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SUMi\[AKy 


The urinary ou|.pu(. of 17-kc(os(eroi(I and noidral reducing lipid was 


measured simultaneously on aliquots of “sleep,” 


“morning” and “ 


day’ 


samples from 24 normal, liealthy men aged 24 lo 72 years. The great ma- 
jority of these subjects showed minim.al excretion of both types of .sub- 
stance during the sleep period, maximal oiitput in the morning and less 
than morning values in the daj^ .specimens, when the output is expressed 
on either a per liour or a per gram of creatinine l)asis. The mean .output 
increases for both the morning and da^*' excretions are statistically signifi- 
cant. There is a significant correlation between absolute levels of 17-keto- 
steroid and neutral reducing lipid. Although a similar diurnal pattern of 
excretion occurs for both types of urinary substance t he changes in excre- 
tion (on either a percentage or absolute change basis) of each arc not signifi- 
cantly correlated. This is taken to indicate the factors evoldng urinary 
17-ketosteroid increase (or decrease) arc not tlie same as tho.se evoldng 
neutral reducing lipid change. 
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EFFECTS OF STARVATION ON SEX 
HORMONES IN THE MALE 

EUGENE C. JACOBS, LT. COL., M.C., U.S.A.* 

From the Office of the Surgeon General, U. S. Army 
I. INTRODUCTION 

F or many years there has been considerable interest in the relation of 
sex hormones to changes in the skin, sebaceous glands, hair, libido, 
prostatic fluid, breasts and menstruation. An immense amount of r^esearch 
has been completed relative to sex hormones, but much of this work has 
been carried out on small animals. The question has frequently arisen: 
“Would the results have been the same in the human?” Thirty-eight 
months in Japanese Prisoner of War Camps presented excellent opportuni- 
ties to observe the cUnical effects of starvation on the sex hormones of the 
human. The observations are set forth in this paper, and are compared to 
some of the results of experiments which have been carried out on small 
animals by various investigators. 

II. CONDITIONS IN JAPANESE PRISON CAMPS 

During the few months on Bataan and Corregidor, the slim diet of rice 
and flsh had been cut to half-rations, and finally to quarter-rations. Many 
of the front-line troops went for days without food. VTien the Fil-American 
Forces surrendered during April and Maj"- of 1942, many vitamin defi- 
ciency diseases were already well estabhshed. Then came the “Death 
March” from Bataan to Camp O’Donnell vdthout food, and with only the 
little water that could be sneaked from the ditches alongside the road, 
when the Japanese guards were not watching. 

At Camp O’Donnell prisoners died at the rate of several hundred each 
day. The majority of deaths were among the Filipino troops, because 
of their proportionately larger numbers, not because of any difference in 
the treatment of the two groups. 

In June 1942 the American prisoners were segregated and taken on a 
second “Death March” to Cabanatuan, Nueva Ecija. No preparation had 
been made at the new camp for the reception of the exhausted and starved 
prisoners. Thej’’ were crowded into grass shacks, where each man was al- 
lotted two by six feet of floor space for sleeping. Alany were without blan- 
kets and mosquito-nets, and very few had adequate clothing or shoes. 
Diseases (malaria, dysenteries, ^’itamin-deficiency diseases and diphtheria) 
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were prevalent. Sanitary provisions were completely wanting. Medical 
care wa.s also lacking, Ijccaiise the doctors and medical corpsmen were as 
exhausted, starved and sick as the other prisoners, and there was very 
little medicine. 

After a few months in the new camp, all of the ])risoimrs who were still 
able to walk were for(;ed t.o work all day in the liot sun on the “Farm.” 

III. STARVATION DIET 

The diet consisted of two to four Inindred grams of a very poor grade of 
dirty rice, and greens (the weeds of carabao wallows). About once a week 
or less a carabao (water bulTalo) was Idlled for meat. Tlie Japanese took 
the choice parts, and donated the remains to tlic American ‘'Aless Shacks” 
to be cooked into a thin gravy for the nine thousand prisoners. The few 
prisoners who had been able to smuggle money into camp, and those who 
got paid for working on the "Farm,” were able to piirchase bananas, mango 
beans, camotes (sweet potatoes), and duck eggs in very small quantities, 
and at veiy inflated prices. Wlien the pump was working, one canteen of 
water could be obtained by standing in line for an hour or more. 

IV. MORTALITY AND MORBIDITY 

The mortality and morbidity were both high. As many as fifty and oc- 
casionally more, shrivelled and bloated bodies were daily dropped into 
common graves. The Japanese were repeatedly asked for medicihes, vita- 
mins and additional food, but always gave the same answer: "Mati mati” 
meaning "After a while.” 

By December 1942 (eight months in prison camp) more than twent}’’- 
four hundred prisoners had died at Cabanatuan Prison Camp. Another 
twenty-five hundred lay seriously ill on the floors of the makeshift hospital. 
Most of these patients had lost as much as fifty per cent of their body 
weight. All of the diseases described in the literature as associated with 
vitamin deficiency had become prevalent. 

V. EVIDENCE OF ANDROGEN SUPPRESSION 

Early in starvation there was a universal loss of libido, and an absence 
of nocturnal emissions. Several months later many of the prisoners com- 
plained that their hair was becoming thin. The hair on the head and face 
became soft, fine and sparse. Where it had been necessary to shave daily 
prior to imprisonment, shaving once a week was now sufficient. Hairy 
chests, arms and legs became almost bare. Axillary and pubic hair became 
thin, with a tendency in some for the hair to assume the feminine distribu- 
tion. 

The skin became thin and loose. It could be picked up from the under- 
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lying tissue and freely moved about. The sebaceous glands of the face, 
chest and back became atrophic, and no longer contained comedos. The 
oiliness of the skin disappeared. Prisoners who had preAuously been af- 
fected with acne vulgaris and seborrheic dermatitis were freed of these 
conditions. 

Some claimed that their testes had atrophied, but this could not be 
accuratelj^ checked, as no measurements had been taken prior to starva- 
tion. 

Yl. EVIDENCE OF ANDROGEN STIMULATION 

In December 1943 and the months following, each prisoner received four 
parcels (eleven pounds each) of Red Cross food and \’itamins. The extra 
food and vitamins made the diet adequate for a period of from two to four 
months, depending upon the induddual and his abihty to eat spa^ingl 3 ^ 
The death rate dropped suddenly from three hundred a month to two or 
three a month. The general health of the camp improved. There were 
weight gains of from five to twenty pounds. 

It was onl}’- a matter of several weeks after the diet became normal, that 
libidos, erections, and nocturnal emissions returned. A few weeks later, 
prisoners noted hair returning to the bare areas, beards becoming thicker 
apd tougher, sebaceous glands becoming active, and in a few cases the 
reappearance of acne \ailgaris and seborrheic dermatitis. 

VII. “TRUE” GYNECOiMASTIA 

From three to twelve weeks after the diet became adequate, gjmecomas- 
tia appeared in 300 (six per cent) of the fifty-five hundred prisoners remain- 
ing in camp. The ages varied from 18 to 64 years. Fifteen per cent gave a 
pre^dous history of gynecomastia at puberty. At least fifty per cent were 
bilateral, although it was usual for one tumor to precede the second bj"^ 
from one to eight weeks. The size varied from 2 to 5 centimeters (average 
24 milhmeters). Ninetj^ per cent were tender or painful. Three per cent se- 
creted a colostrum-hke substance. In only one case did it have the appear- 
ance of milk. No definite historj'- of injurj’^ was obtained in any of this series. 
The tumors reached maximum size in from one to nine weeks, and re- 
mained stationary until they began to disappear spontaneously^ (average, 
four months). None showed any tendency to grow after the size became 
stabilized. None became malignant during the period of observation. 

tun. FURTHER STARVATION 

The Red Cross food and ^'itamins were largely consumed within two to 
four months. The diet reverted to rice and greens, supplemented by a 
rare duck egg, banana, or small portion of mango beans. The diet was 
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ngain definitely iiindequate, esj)eeinl!y in fa(' and proicin. Deficiency dis- 
eases and the “castraiion syndrome” gradually rca})pearcd. Gynecomas- 
tias slowly became painless, and disa])peared over a period of from one to 
twenty-four months (average four months). 

IX. LIBERATION— ADICQU.'VTIO DIET 

Finally after twenty more months of sl.arvation and disease, American 
food arrived via parachutes just prior to liberation (.August and September, 
1945). The diet was adequate again. Prisoners gorged themselves. Weight 
gains of seven to fifteen pounds a week were the rule. Within a few weeks 
there was evidence that, the hormones were being stimulated. A common 
greeting of the morning became “I’m a man again.” Also within a few 
weeks gynecomastia made its reappearance. It. was much nioi'c prevalent 
than it had been after the Red Cro.ss parcels in 1043-44. 

Hair gradually became thicker, and in some cases returned to bald areas. 
Sebaceous glands became hy])crt.rophic and the skin oil}". Acne vulgaris and 
seborrheic dermatitis returned to those j^renously affected. Thin and 
fragile fingernails and toenails became thicker. 

Many of the prisoners held genuine fears of sterility and impotence, 
after more than forty months of starvation. However a lapse of two years 
since liberation has resulted in at least a normal number of pregnancies of 
the prisoners’ wives, and in the normal births of apparently healthy babies. 

X. DISCUSSION 

It must be obvious to the reader that studies of the androgen-estrogen 
ratios and levels, and other laboratory determinations were impossible, 
as there were no facilities. HoAvever, an effort has been made to correlate 
the clinical observation made of the prisoners, to recent investigations of 
the effects of starvation, which have been made largely upon animals. 

It has been known for some time that spermatic function of the testes 
is adversely affected by deficiency of vitamin Bi or E, and that atrophy of 
the testes has resulted in some cases. 

Pazos and Huggins (1) have shown in animals that complete deprivation 
of food from four to eleven days causes a cessation of prostatic fluid due to 
androgenic deficiency. They believe this is due to a decreased gonadotropin 
production, and found that they could restore the fluid by injections of 
testosterone propionate. In their experiments the testes remained cap- 
able of androgen production for about twenty-one days of starvation. 

The symptoms seen in the starving prisoners, described in Section V, 
are similar to those seen in the castrated male (2), and are likeAvise attrib- 
uted to hypogonadism and androgen suppression. 
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Hooker and Pffeiffer (3) have produced the “castration syndrome” 
(atrophy of hair follicles, loss of hair, thinning and loosening of the skin, 
and atrophy of the sebaceous glands) by treating animals with estrogen. 
They could protect the animal, however, from the castration syndrome by 
gmng androgen as well as estrogen. It is ver 3 ’^ probable that the “castration 
sjmdrome” seen in the prisoners may have been produced by a relatively 
increased estrogen as well as a suppression of androgen. The recoverj’^ from 
the castration syndrome following the return of the diet to normal, is 
believed to be due to the stimulation of androgenic function. Thompson 
and Heckel (4) demonstrated similar results in the eunuch with large 
doses of testosterone (gradual increase of hair growth, erections, seminal 
emissions, and acne) . 

The three hundred cases of gjmecomastia in this series developed after 
the diet became adequate, and not during starvation. 

It has been rather well established that the male mammary duct system 
is sensitive to excess estrogen (5, 6). It responds with hjqjerplasia of the 
rudimentary ducts and periductal connective tissue (gynecomastia). 
Androgen and estrogen levels are normallj’’ maintained bj*^ the abilitj’’ of 
the liver to inactivate excess (7). How'ever, prolonged starvation impairs 
the liver (8, 9, 10) so that it cannot inactivate excess estrogen. It then ap- 
pears that the gynecomastia following starvation is a result of excess estro- 
gen subsequent to liver impairment (11, 12, 13). As the impaired liver 
gradually recovers its function of inactivating excess estrogen, the an- 
drogen-estrogen ratio returns to normal, and the gynecomastia graduallj' 
disappears. 


SUMMARY 

1. The effects of starvation on the sex hormones of the human appear to 
be the same as or similar to those of the animal. 

2. Prolonged inanition produces symptoms (castration syndrome) indi- 
cating a decrease in sex hormone production. 

3. Subsequent adequate diet causes a recoverj”' from the sjmdrome, thus 
indicating a stimulation of the sex hormones. 

4. Gynecomastia appeared in six per cent of the prisoners, when the diet 
became adequate subsequent to prolonged starvation, apparently due to 
imbalance of the sex hormones. 

5. Gjmecomastia following relief of starvation disappeared spontaneous- 
ly,both during further starvation, and after several months of adequate diet. 

6. Forty months of severe starvation did not produce the expected im- 
potence or sterilitj’’ in the recovered prisoners. 
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THE RAPID RAT TEST FOR PREGNANCY 

THE OVARIAN HYPEREMIA RESPONSE AS A ROUTINE 
DIAGNOSTIC PROCEDURE* 

GARDNER IM. RILEY, Ph.D., MARJORIE H. SMITH, B.S., 
AND PEARL BROWN, B.A. 

From the Department of Obstetrics and Gynecology, University of Michigan Medical School, 

Ann Arbor, Michigan 

S EVERAL authors have described rapid tests for pregnancy based on 
the hjT>eremic response of the immature rat ovary to pregnane}^ urine 
gonadotropin. Salmon and associates (1) observed that ovarian hji^eremia 
was produced within six hours following a subcutaneous injection of preg- 
nancy urine and suggested this as a test for pregnancy. Kupperman, 
Greenblatt and Noback (2) reported that the duration of the test could be 
reduced to two hours proHded the urine was injected intraperitoneally. 

The accuracy of the two-hour test (excluding observations in ectopic 
pregnancy) has recently been reported by Kupperman and Greenblatt (3) 
to be 99.5 per cent in a total of 752 tests. Bunde (4) using either the two- 
hour test with intraperitoneal injections or the six-hour test with subcu- 
taneous injections, obtained an accuracy of onlj’’ 84.5 per cent in 108 tests. 
A test developed by Zondek, Sulman and Black (5) consists of two sub- 
cutaneous injections of pregnancy urine at an interval of one hour. The 
accuracy of this test was 69 per cent at two hours, 92.2 per cent at six hours 
and 99 per cent at twenty-four hours. 

The present report is a summary of the authors’ experience with the 
hyperemia test when used as a routine laboratory test for pregnancy. In 
no instance was the clinical diagnosis known to the observer at the time the 
test was performed. The results of the tests have been compared with 
Aschheim-Zondek tests performed on the same urines. Further obser- 
vations were made on the relationship of the duration of the test to the 
intensity of the hyperemic response and the variabihty in responsiveness 
of the test animals. An attempt has been made to identify those conditions 
which facilitate the performance of the test with greatest accurac 3 ^ 

TECHNIQUE 

The technique of Kupperman and Greenblatt (3) was followed in most 
details except that no attempt was made to restrict the duration of the 
thst to exactly two hours. 

Received for publication October 30, 1947. 

* This study was aided by a grant from the Faculty Research Fund of the University 
of ^lichigan administered by Dr. Norman F. Miller. 
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ACCUUACY OK TFIK It API I) ItA'l’ 'rKH’i' AS 
COAIPAIIKD WITH THE A.Z. 'I’ES'l' 

In 205 cnscs it was })o.ssihlc to (^oinj)arc (lie results of the jircgnnncy tests 
with the clinical diagnosis. The accuracy in HH tests, where either a posi- 
tive or negative A.Z. test was obtained, is indicated in 'fable 2. In 11 cases 
an intenncdialc-t.yj)c rc.sj)onsc wa.s obliiined in the A.Z, test, and thc.sc 
results are compared with the results of tlic rapid rat lost, in Table 3. 

T.mij.k 2. A(’(’Uua('V ok Tin; Raimd Rat Tkst am> thi; 

A.3. i.v )!)•) Casks 


Clinical Dinj^nosis Positive Clinical Dia^^no.'^is Negative 


Test 

No. of 
Patients 

Correct 

Diag- 

no.si.s 

Per cent 
.Acciiniey 

No. of 
Patient.s 

Correct 

Diag- 

nosis 

Per cent 
Accuracy 

Accuracy 
for All 
Tc.sts 

Rapid Rat 

12S 

]2(i 

98.4 

()0 

04 

97.0 

97.9 

Aschheiin- 








Zondek 

I2S 

12G 

OS. 4 

CO 

GO 

100. 0 

99.0 


In the group of 128 patients with a clinical diagnosis of pregnancy, an 
incorrect diagnosis was obtained with both tests in two instances. In no 
case was an incorrect result given by both tests on the same urine and the 
results of repeat tests agreed with the clinical diagnosis in every instance. 

While no false positive tests were obtained with the A.Z. test, 2 incorrect 
diagnoses were made in the group of 66 urines from nonpregnant women 
with the rapid test. The accuracy for the rapid rat test was 97.9 per cent 
as compared with 99.0 per cent for the A.Z, test. 

It has been the authors' experience that a statement of accuracy for any 


Table 3. Results of Rapid Rat Test with Urines Giving 
Intermediate-type Responses in A.Z, Tests 


Clinical Diagnosis 

No. of A.Z. Tests 
with Intermediate 
Responses 

Results of Rat Tests 

[ No. Positive 

No. Negative 

Probable spontaneous abortion 

4 ‘ 

0 

4 

Early pregnancy 

1 ! 

1 

0 

0 

0 

0 

1 

i 

0 

Threatened abortion 

2 1 

2 i 

Incomplete abortion 

1 

1 

Early postpartum 

Uterine fibromyoma 

Bilateral hydrosalpinx and 

1 ^ 

1 j 

1 

0 

1 

amenorrhea 

1 
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Fig. 1. Ovaries of animal on right illustrate a positive hypereinic response. The marked 
reddening of these ovaries is in striking contrast to the pale ovaries of the control ani- 
mal on the left. 
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biological pregnancy test requires some qualification. In order to determine 
the a])ovc stated accuracies it was necessary to eliminat c those tests in whicli 
intcrincdiate-t.y])e reactions were obtained witli the A.Z. tests, ddicsc weak 
reactions are not. \inconunon and thougli the clinical <-onditi(m of the pa- 
tient. may provide a chie as to tlic cause for a low cliorionif; gonadot ropin 
titre, the test result is not. a conchnsive one. iSevond conditions which were 
associatetl with int.crmediatc-typ(i reactions are listed in 'fable 3. Similar 
rcactio])s have occasionally been obtained with urinc.s from j)ostnieno- 
pa\isal and amenorrheic women. When \u*ines which give an intermediate- 
type reaction in the A.Z. test, are used in tlm raj>i(l test rat the results arc 
variable, in some eases being jiositive and in others negative. The type of 
reactioj) obtained \indoubledly depends in large part upon whether or not 
there is an adecpiate amount of the e.s.sential gona<!otropin in the urine to 
produce a I'ecognizable hyperemic respojise. 


HBLATIOKSHIP OF TIME TO THE HVPEHEMIC KESPONSE 

Zondek and Sulman (0) have emphasized the im])ortancc of the time 
factor in the ])roduct.ion of ovarian hyperemia following subentaneons in- 
jection.s of chorionic gonadotropin. Wc have attempted to evaluate this 
factor for tests in which ])rcgnancy urine or chorionic gonadotropin was 
injected intraperitoncally. 

Two dosages (1 i.u. and 20 i.u.) of chorionic gonadotropin were used 
and tests were allowed to run for inlerx'als of two, four, six and sixteen 
hour«. The re.sponse and degree of hyperemia noted in each test animal is 
tabulated in Table 4. It will be observed tliat negative responses xvere ob- 
tained in onl}' 3 of the 20 animals used. Txvo negative responses were ob- 
tained in the two-hour group and one in the sixteen-hour group. While all 
test animals gave a positive response at the end of four hours, the hj’^peremic 
response xvas uniformly more intense in the six-hour group. 

In an additional series (Table 5), 2 cc. of pregnancj'' urine was injected 
intraperitoneally and the animals xvere sacrificed at intervals of two, six 
and sixteen hours. The same dose was administered subcutaneously to a 
fourth group and the animals were sacrificed at the end of sixteen hours. 
In the total of 20 animals used, no negative responses xvere obtained. The 
least intense hyperemia xvas observed in the txvo-hour group, though the 
heaviest test animal (70 Gm.) of the group shoxved marked ovarian hyper- 
emia. Approximately the same degree of hyperemia was found in the intra- 
peritoneally and subcutaneously injected animals after sixteen hours. 

Following the administration of both chorionic gonadotropin and preg- 
nancy urine, the strongest hyperemic response was obtained most uni- 
formly in the heaviest test-animals (55 to 70 Gm.). 
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SrKCIFICITY or THE IIYPEREIIIC RESPONSE 

Several t ypes of hormonal preparations were used to determine the spec- 
ificity of the ovarian In'pcrcmic response. The results, summarized in 


T.\nu; -t. llYriamMic Rksponse to Ciiohionic Gonadotropin 
AT Varyino Intervals of Ti.me 


Duration 
of Test 

Animal 

Number 

Body 

IVt.' 

Gm. 

Dosage of 
Chorionic 
Gonado- 
tropin* I.U. 

Response 

Intensity of 
Hj^peremia** 


11 

3G 

1 

— 

0 


12 

45 

1 

+ 

I 

Two hours 

13 

GO 

20 

+ 

II 


14 

42 

20 

— 

0 


15 

43 

20 

+ 

I 


G 

42 

1 

+ 

I 


7 

44 

1 

+ 

II 

Four hours 

s 

55 

20 

+ 

III 


9 

44 

20 

+ 

II 


10 

42 

20 

+ 

III 


1 

42 

1 

1 

III 


2 

43 

1 

+ 

III 

Six hours 

3 

60 

20 

-b 

III 


4 

42 

20 

+ 

III 


5 

44 

20 

+ 

II 


16 

46 

1 

+ 

II 


17 

36 

1 

+ 

I 

Sixteen hours 

IS 

60 

20 

+ 

III 


19 

48 

20 

— 

0 


20 

42 

20 

+ 

I 


* Chorionic gonadotropin obtained through the courtesy of The Upjohn Company, 
Kalarrazoo, Michigan. 

** The intensity of the hyperemic response was arbitraril}' graded from I to III de- 
pending upon the redness of the ovaries. 


Table 6, indica,te the high degree of responsiveness to both chorionic gon- 
adotropin and the pituitar}'- luteinizing hormone. The positive hyperemic 
response obtained with the higher dosage of FSH was probablj" due to the 
presence of a trace of luteinizing hormone. 
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DISCUSSION 

Our primary interest, in tlie hyperemia response of the rat ovary is 
whether or not it is suflieicntly dependaljlc to be tiie basis for a rapid, 
routine test for pregnancy. Alt hough Kupperman and Grccnblatt (3) have 


Tahli; f). Ilyi'KHKMic Riosconsi: to 2 cc. or Pkkg.van'cy Unix};* 
A’l’ Vauvixo Intkuvals or Tjmk 


Duration 
of Test 

Animal 

Number 

Body 

Wt‘ 

Gm. 

Resijonso 

Intensity of 
Hyperemia** 


21 

70 

+ 

III 


22 

43 

+ 

II 

Tavo hours 

23 

45 

+ 

I 


24 

44 

+ 

I 


25 

42 

+ 

I 


31 

40 

+ 

III 


32 

40 

+ 

III 

Six hours 

33 

44 

+ 

II 


34 

40 

+ 

II 


35 

42 

+ 

II 


30 

42 

+ 

III 


37 

40 

+ 

III 

Sixteen hours 

3S 

04 

+ 

III 

(Intraperitoneal injection) 

39 

42 

+ 

II 


40 

44 


II 


41 

44 

+ 

II 


42 

40 

■ + 

III 

Sixteen hours 

43 

45 

+ 

II 

(Subcutaneous injection) 

44 

42 

+ 

III 


45 

05 

+ 

III 


* In tests on the immature mouse, tlie potency of this urine Avas found to be 1000 
M.U. per 1 cc. This concentration is comparable to that found in urines obtained at the 
peak of chorionic gonadotropin excretion during the first trimester of pregnancy. 

** See explanation, Table 4. 


reported a high degree of accuracy with a two-hour test, others have 
obtained less gratifying results. Both Bunde (4) and Zondek and his as^ 
sociates (5) have reported relatively low per cent accuracies with both 
the two and six-hour tests. The latter group of workers, with subcutaneous 
injections, have found that only the 24-hour hyperemia test has all the 
accuracy of the older A.Z. test. 
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We have altered the technique of Kupperman and Greenblatt to the 
extent that the test is allowed to run usually between four and six hours 
rather than confining it to a two-hour interval. The longer interv'als pro- 
\’ide additional time for the development of hyperemia and at the same 
time permit the results to be reported on the same day the specimen is 
received. Following this procedure, an accuracy (97.9 per cent) was ob- 
tained which compared favorablj' with that of the Aschheim-Zondek test. 

It appears highly probable that different strains of rats may respond 


Table 6. Hyperemic Response of the Ovary of the Immature Rat 
TO Hormone Extracts and Nonpregnancy Urine 


Tjqje of Extract or Urine 

Dosage 

Hyperemic 

Response 

Follicle stimulating hormone (FSH)* 

.40 R.U. 

Negative 


200 R.U. 

Positive 

Luteinizing hormone (LH)* 

1 R.U. 

Negative 


5 R.U. 

Positive 

Chorionic gonadotropin 

1 R.U. 

Positive 

Nonpregnancy urine: Amenorrhea 

25 cc. 

Negative 

14th day of cycle 

2 cc. 

Positive 

16th daj’’ of cycle 

2 cc. 

Negative 


* Fractionated pituitary extracts obtained through the courtesy of Difco Labora- 
tories, Detroit, Alichigan. In tests on the immature mouse, the FSH preparation was 
found to contain traces of LH. 


differentlj’^ to chorionic gonadotropin and that this may account in part for 
the diverse results reported by different authors. The strain of rats used bj’’ 
Bunde (4) showed a great deal more variability in response and were ap- 
parentty less responsive to chorionic gonadotropin than that used in the 
present investigation. This is well illustrated by the fact that no animal in 
Bunde’s series responded to 9.9 i.tj. of chorionic gonadotropin and onty 
2 of 5 animals responded to the injection of 50 i.u. In the present studj', 
only 1 rat in 8 failed to respond to 1.0 i.xj. of chorionic gonadotropin. It 
would be of considerable importance to those contemplating the use of the 
hyperemia test to determine the responsiveness of their test animals. In 
the event that marked variability or refractoriness is found, a different 
source of animals should be sought. 

As Zondek and Sulman (6) have recently emphasized, the intensity of 
the hyperemia response is related to the duration of the test. This relation- 
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shipwas more apparent in the series Cjl'ablc 4) wlicrc rein l i volysmall amounts 
(1 or 20 i.u.) of chorionic gonadotropin were administered. Poorer re- 
sponses were obl.aincd at, l.wo hours than at. fo\ir or six liours. The response 
at sixteen hours was little better than at two hours. In view of the likelihood 
that some urines with a low concentration of gonadotropin will be encoun- 
tered, it would appear to be desirable to allow at least four hours for rou- 
tine tests. 

It is undoubtedly true, as Zondek and associates (5) suggest, that the 
hyperemia test is of less value t han the A.Z. lest, in cases of disturbed preg- 
nancy, i.e., ruptured ectopic pregnancy anti threatened, incomplete or 
missed abortion. Alow concentration of chorionic gonadotropin, which is 
not infrequently associated with these conditions, can be detected in the 
routine A.Z. test and is of diagnostic significance. On the other hand, the 
hyperemia test may be cither positive or negative. In either event, the 
result is iioncontributoi:^'’ or misleading from the clinicians’ standpoint. 
In other instances a doubtful hypcremic response may be obtained, neces- 
sitating an inconclusive report. 

Another disadvantage of the hyperemia test should be emphasized. 
Although Kupperman and Greenblatt (3) tested \irines from nonpregnant 
women at different times of the cycle and obtained only negative results, 
Farris (7) has reported obtaining positive hypercmic responses at about 
mid-cycle. As indicated in Table 6, the pituitary luteinizing hormone in- 
duces o^mrian iDqjei’emia at relativeij'^ low concentrations. At that time in 
the cycle when the gonadotropin concentration is high, one might e.xpect 
to obtain a positive hyperemic response. This might lead to a false diagnosis 
of pregnancy in some instances where the c.ycles are markedly irregular. 

SUiMMARY 

The application of the hyperemia response of the rat ovary to chorionic 
gonadotropin as a routine test for pregnancy is discussed. In 205 tests, an 
accuracy of 97.9 per cent was obtained as compared with an accuracy of 
99.0 per cent for the Aschheim-Zondek test. The tests upon which this 
accuracy was determined were exclusive of 1 1 tests which gave incomplete^’' 
positive A.Z. reactions. Such incomplete reactions are not iincommonb’' 
obtained in cases of disturbed pregnancy, such as threatened or incomplete 
abortion. In these cases the hyperemia test may be positive, negative or 
inconclusive, depending upon the concentration of chorionic gonadotropin 
in the urine. The hyperemia test is therefore of little diagnostic value in 
these conditions. 

In experiments with chorionic gonadotropin and pregnancy urine, it was 
found that the hyperemia was uniformly more intense after an interval 
of four or six hours than after two hours. There appeared to be no advantage 
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to an interval of sixteen hours, regardless of whether the urine was injected 
subcutaneously or intraperitoneally. 

Tests with several hormonal preparations indicated a high degree of 
effectiveness of both chorionic gonadotropin and pituitary luteinizing 
hormone in producing ovarian hyperemia. 

The test animals used in this study were highlj' responsive to chorionic 
gonadotropin and showed little variability in response. It is suggested that 
the lower accuracj’ experienced by other workers may be due to a relative 
refractoriness of some strains of rats. 

The rapidit}' and simplicity of the hyperemia test, together with its high 
degree of accuracy, make it a valuable adjunct to other biological diagnos- 
tic procedures. 
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subjects. No apparent explanation could be ofl'ercd for tins tinding. He had 
previously had assays performed in the laboratory of Dr. Fuller Ali)nght 
(4) and excessive quantities of cortin were found by bioassay on one occa- 
sion. Two subjects in (he o))cso group, A. S. and K. AL, excreted large 
amounts of formaldch.yde-libcrating compounds, but, this could not be 
confirmed on repeated assays. We liavc concluded tliat- these isolated find- 
ings could represent technical errors early in our exijoriencc. 



NORMAL OBESE HVPOAORENAL HYPO- HYPERADRENAL 

PITUITARY 

Fig. 1. Excretion of formaldelij^dogenic steroids in normal and in obese subjects, and 
in patients with adrenal and pituitary dise.ase. Assaj^s on male subjects are represented 
by dots and on female subjects bj^ triangles. Multiple assaj^s on the same patient are 
connected by a solid line. (The broken lines merelj'- help to compare the values in the 
various columns.) 

Hypertension in itself was not observed to be associated with excessive 
excretion of formaldehyde-liberating material, according to our limited 
number of observations. The possibility remains that other steroids of 
adrenal origin, not measured by this technique, are implicated in this dis- 
order. 

Excretion of formaldehydogenic steroids in adrenal and pituitary dis- 
ease. Twelve assays have been performed on the urine from six patients 
with Addison’s disease and the results are presented in Table 2. Except for 
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the first assay on J. C., all values were between 0.3 and 0.65 mg. per day. 
These patients all presented the pathognomonic features of the disease. 
At the time of assay they were all in relatively good nutritional and meta- 
bolic state. 

The patients Avith Cushing’s sjmdrome require more explanation. E. M. 
was a jmung Avoman AA'ho displayed a fulld^loAA'n picture of this disease, AAdth 


Table 2. Excretion* of Foraialdeha'dogexic Steroids in* 
Adrenal and Pituitary Disease 


Subject 

Sex 

mg. /day 

Subject 

Sex 

mg./day 

Subject 

Sex 

mg./day 

A. Addison’s Disease 

B. Cushing’s Syndrome 

E. Panhypopituitarism 

J.C. 


0.9 

E.AI. 

F 

23.0 

C.R. 

F 

0.8 

J.C. 


0.6 

G.W. 

AI 

3.1-2.S 

T.R. 

F 

0.6 

Mc^Y. 

U 

0.4 

G.W. 

AI 

2.2 

G.AI. 

AI 

0.5 

iMcW. 

U 

0.4 

G.W. 

AI 

2.3 

H.W. 

AI 

0.8 

C.P. 

AI 

0.3 

W.S. 

AI 

l.S 

S.K. 

AI 

0.7 

R.T. 

AI 

0.5 

C.AIcL. 

F 

1.2 

S.K. 

AI 

0.8 

J.Co. 

AI 

0.5 



(in re- 

A.B. 

F 

0.5 

J.Co. 

AI 

0.5 



mission) 

H.O. 

F 

1.2 

J.Co. 

AI 

0.4 







R.S. 

F 

0.4 

C. Suspected Hyper- 

1 F. Acromegalj’ 

R.S. 

F 

0.6 

adrenocorticism 




R.S. 

F 

0 .65 




H. 

F 

1.3 




AI.P. 

AI 

2.3 







A.AI. 

F 

2.0 







A.AI. 

F 

1.8 







C.AI.S. 

F 

2.5 







D. Adrenogenital Syndrome 







G. 

F 

1 .5 







(post- 









operative) 







amenorrhea, hirsutism, obesity, cutaneous striae, disturbed carbohydrate 
metabolism and hjqiertension. The urine for onlj' one day Avas aA*ailable 
for assay; it contained 23 mg. of formaldehj'dogenic steroids. The patients 
G. W. and W. S. present an interesting A’ariant of the sjmdrome. Each 
shoAA'ed the facies of Cushing’s disease Avith a striking distribution of fat 
about the face and neck. A moderate amount of hj’pertension was present 
in each, but carbohydrate metabolism, as measured by glucose tolerance 
curAms and glucose-insulin tolerance curA'es, was entirely normal. Cuta- 
neous striae were present in G. W., but not in W. S. Osteoporosis was not 
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severe in either individual. It seems possible lhat in these two patients the 
steroids which are active in maintaining Ijlood pressure and electrolyte 
metabolism were formed to a greater extent, t.han were those that are active 
in carbohydrate metabolism. This thesis is consistent with the results ob- 
tained for excretion ol formaldchydogcnic steroids, which in each patient 
was only moderately elevat ed. 

M. P . was suspected of having h^^peractivity of the adrenals becau.se of 


z.s 



HYPOTHYROIDISM HYPERTHYROIDISM 

Fig. 2. Note that in both h 3 "pothyroidism and hyperth 3 ’’roidism the excretion of 
formaldehydogenic steroids tended to be less than 1.0 ing. per da 3 ^ M. C. was treated 
with radioactive iodine (I 131). Repeated studies on this patient are shown in Fig. 3. 
Patient M. Me. was treated with 6 -n-but 3 dthiouracil (BTU). 

cutaneous striae, obesity and slight impairment of carbohydrate tolerance. 
Formaldehydogenic steroid excretion on one occasion was found to be 2.5 
mg. per day. A. M. and C. M. S. were also suspected of adrenal hyperac- 
tivity because of amenorrhea, changes in fat distribution and slight hir- 
sutism. These patients showed impaired glucose tolerance of the insulin- 
resistant type. Hypertension was also present. Excretion of formaldehydo- 
genic steroids seemed to be elevated in these two patients. 
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Fonnaldeh3'dogenic steroids ivere excreted in the urine of one patient 
in normal amounts; C. McL. had had Cushing’s sjmdrome at puberty, but 
she had undergone a spontaneous and persistent remission. A normal value 
was also obtained in M.G., a patient with the adrenogenital sjmdrome, who 
one 3'ear pre\’iousl5’' had had a masculinizing tumor of the right adrenal 
removed. 

Studies of the excretion of formaldehj’-dogenic steroids have been made 


T.\ble 3. Excretiox of Formaldehydogenic Steroids 
IX Thyroid Disease 


Subject 

Sex 

mg. /da}' 

T.M. 

A. Spontaneous Myxedema 

F 

0.7 

C.O’H. 

F 

0.5 

A.S. 

B. Postoperative Hypoth 3 'roidism 

F 

0.8 

J.H. 

F 

1.4 

M.C.* 

C. Hj’perthjToidisni 

F 

.0.3 

M.McL, 

F 

0.4 

DeR 

M 

0.8 

DeR. 

M 

0.8 

M.B. 

F 

0.8 

L.P. 

F 

0.9 

E.H. 

F 

1 .3 

E.S. 

F 

0.8 

R.F. 

M 

2.5 


* The value recorded occurred during the most severe stage of her disease. See Fig. 3 
for additional assaj's on this patient. 


on seven cases of panhypopituitarism. In two patients (C. R. and T. R.) 
the cause of the disease was postpartum necrosis of the pituitar3% Two 
indi\dduals suffered from chromophobe adenoma (G. M. and H. W.) and 
the etiology was obscure in three patients (S. K., A. B. and H. O.). The 
values which were obtained were intermediate between the group with 
Addison’s disease and the normal subjects. In onty one indhddual, H. O., 
was the excretion within the normal range. No abnormality of excretion 
of formaldehj’-dogenic steroids was found in the single case of acromegab'. 

Excretion of formaldehydogenic steroids in thyroid disease. The results 
of formaldehj’^dogenic steroid assaj’^s on patients with thjToid disease are 
presented in Table 3 and in Figure 2. Both h^Tiothyroidism and hj-perthy- 
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roidism tended to be associated witli dccrea.scd amount. s of urinary formal- 
dehydogeiiic stei'oids. The excretion was more depressed in two ca.sos of 
spontaneous myxedema than in the two cases of postoperative liypothy- 
roidism. In one patient, with spontancou.s myxedema excretion of forinaldc- 
hydogcnic steroids returned almost to normal following treatment with 
desiccated thyroid. 


*--» 

BUR 

80-, 

+ 70_ 
+ 60_ 
t- so_ 

vT 
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+ 20 _ 
•f I0_ 
0_ 
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1 . 0 - 


MC/24° 


O.S_J 




9/1 Vtl 



4/9 


J 

4/It 4/tt 4/Jtl 



4/19 9/C 


0/7 9/tg 9/19 


Fig. 3. Excretion of fonnaldehydogeiiic steroids in hypcrth.yroidism treated with 
radioactive iodine. Note the e.xacerbation in the disease as evidenced by tachycardia {as 
well as man}" other manifestations) produced by the first dose of radioactive iodine. 


In tM"o patients with hyperth 5 "roidism the excretion of formaidehydogeuic 
steroids was decreased to levels comparable to that of Addison’s disease. 
In four other individuals the excretion was lower than normal, while in 
two subjects, normal or excessive excretion of formaldehj^dogenic steroids 
was found. In the two patients with the lowest excretion of formaldehydo- 
genic steroids, response to specific treatment (radioactive iodine in M. C. 
and 6-n-butylthiouracil in M, McC.) was followed bj'- the excretion of nor- 
mal quantities of formaldehj^dogenic steroids in the urine. 

One of these individuals with hyperthyroidism, M. C., was studied in 
greater detail and the results are presented in Figure 3. She was a Chinese 
girl, aged 23 years, who entered the Boston City Hospital with a large 
thyroid gland and signs of moderately severe hypermetabolism. Improve- 
ment followed sedation, bed rest and a good diet with vitamin supple- 
ments. Excretion of formaldehydogenic steroids at this time was 1.2, 1.0 
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and 0.9 mg. per day on successive assaj-s. A severe exacerbation of her 
disease followed the administration of 6 millicuries of, radioactive iodine 
(1 131). She developed marked tachycardia, palpitation, d 5 ^spnea, restless- 
ness, edema of the ankles, weakness and tightness in the neck. There was 
also an increase in the basal metabolic rate. During this period of mild 
thyroid storm the excretion of formaldehydogenic steroids decreased to 


Table 4. Excretion of FoRMALDEiiyDOGENic Steroids in Scurvy 


Date 

mg. /day 

Remarks 


Patient 1, W.C., Alale aged 64 years. 

4 Feb. 1947 

0.85 

Prior to treatment 

Vitamin C, 1 Gm. per day by mouth begun on 
Feb. 6, 1947. 

16 Feb. 1947 

0.5 


23 Feb. 1947 

O.S 


3 Mar. 1947 

l.S 

, 

11 Mar. 1947 

5.0 


29 Mar. 1947 

2.9 


30 ]\Iar. 1947 

2.8 



Patient 2, AI.AIcC., Female aged 64 years. 

6 Alar. 1947 

1.0 

Prior to treatment 

Vitamin C, 1 Gm. per day by mouth begun on 
Alar. 7, 1947 

12 Mar. 1947 

0.4 


11 Apr. 1947 

1.0 


14 Apr. 1947 

O.S 


22 Apr. 1947 

0.9 



Patient 3, 

J. AIcK., Alale aged 30 years. 

2 Alay 1947 

0.4 

Treatment started before assay. 

6 Alaj' 1947 

0.2 

(see Figure 5) 

9 Alaj' 1947 

0.3 


11 Alay 1947 

0.4 


16 Alay 1947 

1.0 



0.3 mg. per day (checked). TiTen the therapeutic effect of radioactive 
iodine became eAudent, formaldehydogenic steroids reappeared in normal 
amounts in the urine. 

Excretion of formaldehydogenic steroids in vitamin C deficiency. Be- 
cause of the high concentration of vitamin C in the adrenal and the recent 
chemical (5) and physiological studies (6) suggesting an important role in 
adrenal function, we have studied the excretion of formaldehydogenic 
steroids in three cases of clinical scurA^'. All three patients had a dietary’ 
history suggesting grossly inadequate Autamin C intake; W. C. because of 
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a self-imposed diet, for peptic ulcer, M. McC. beenuse of poverty and poor 
food habii'S and J. ]\'fcK. ])ceausc of severe alcoholism. Delicicncies of other 
vitamins imdoiibledly existed, but their manifcsialions were not definite. 
Subcutaneous ccchymoscs and perifollicular hemorrhages were present on 



Fig. 4. Excretion in urine of fonnaldehydogenic steroids 
(F. S.) in scurvj’-, patient 1, W. C. 


the legs of all three patients when they entered the Boston City Hospital. 
The tourniquet test was positive in each case. Analyses of the vitamin C 
content of whole blood in M. McC. and W. C. indicated that less than 
0.06 mg. per 100 cc. was present. 

Excretion of formaldeh 3 ^dogenic steroids in W. C. before treatment was 
begun was 0.9 mg. per day. Vitamin C was then administered in a dose of 
1 gram a day. Eleven days later the excretion of formaldehydogenic ste- 
roids was 0.5 mg. per day and five days thereafter it was 0.8. Later, exces- 
sive amounts of formaldehydogenic steroids were found in the urine. The 
results are presented in Table 4 and Figuie 4. 
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The results of assays on M. McC. are also presented in Table 4. The 
excretion of formaldehydogenic steroids prior to treatment was 1.0 mg. 
per day. Follouing 1 gram of ^dtamin C daily for 6 da 3 '^s, the excretion of 
formaldehj'dogenic steroids had decreased to 0.4 mg. One month later the 
excretion had risen to more nearly normal levels. No hypersecret orj’- phase 
was noted, perhaps because of the unequal spacing of the urinarj’- assaj^s. 

pt: j. mck. 



Fig. h. Excretion in the urine of formaldehydogenic steroids 
(F. S.) in scurvy, patient 3, J. McK. 

The third patient, J. McK., was a man, aged 30, who had been on a long 
alcoholic debauch and he had eaten very irregularlj*^ for several months. 
Treatment with ^dtamin C had been started before studies of formaldeh}’’- 
dogenic steroids could be started. Subsequent assa 3 ’’s of urinary^ formalde- 
hydogenic steroids are presented in Figm'eS and Table 4. On four separate 
occasions excretion of formaldehydogenic steroids was below 0.4 mg. per 
day. It was not possible to make extended observations on this patient. 
Despite the low excretion of formaldehj’dogenic steroids in the urine, there 
were no sjonptoms or laboratorj’’ findings suggesting adrenal insufficiencj” 
in fact the patient showed remarkable improvement. 
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DISCUSSION 

In pnllcni-s with adronnl disease the quantity of fonnaldehydogenic 
steroids excreted in the urine is consistent, with the known pathologic 
physiology of these conditions and confirms re])orts using bioassay (7) and 
chemical assay measuring the reducing power of urinary steroids (8, 9, 10). 
It was found that patients with Addison’s disease excreted significant!}^ 
less formaldehyde-libera ting compounds than did normal subjects. The fact 
that such patients continued to excrete small amounts of the.se substances 
warrants consideration of an ext ra adrenal soiircc for a i)ortion of the ma- 
terial which was measured. An analogous .sit.uation has been found to exist 
with methods measuring the reducing power of urinary steroids (8, 10). 
The possibility exists, therefore, that there may be variations of this non- 
adrenal portion which would make interi)rclation of rcsult.s diflicult. Un- 
fortunately, facilities have not been available to confirm our ob.servations 
using the bioassay of Venning ct, al. (3). 

The changes in excretion of fonnaldehydogenic steroids Avhich occur in 
thyroid disease have received little st.udy. In view of the extensive liter- 
ature relating adrenal sijse and function to the activity of the thjToicl, this 
subject warrants careful investigation. Talbot (10) has reported observa- 
tions on two patients with hypothyroidi.sm. He found that in each patient 
the excretion of 11-oxysteroids was below nonnal; following the adminis- 
tration of thyroid to one of them the excretion rose to the lower limit of 
normal. It has been well established that the excretion of 17-ketosteroicls 
may be ver}’’ low in myxedema (11). 

Hyperthyroidism places the patient under considerable stress and pre- 
sumably increases the requirement for adrenal cortical hormones. The 
results from animal experiments make it seem clear that administered 
thyroid hormone or thja'oxine increases the weight of the adrenals in intact 
animals (12) and increases the semsitivity to potassium toxicit}'^ (13). In 
dogs, at least, adrenal cortical hormone appears to counteract the deleteri- 
ous effect of thyroxine on nitrogen metabolism (14). Because of the pos- 
sibility of adrenal exhaustion in “thyroid storm,” adrenal extracts have 
been advocated and used with results which are difficult to interpret (15). 
The excretion of 17-ketosteroids has been found to be decreased in thyrotox- 
icosis (11)} but little direct evidence has been obtained concerning cortin 
excretion in this disease. Venning and Browne (7) have reported an iso- 
lated observation on a young man Avith moderately severe hyperthjn-oid- 
ism. Normal excretion of corticoids was found. Our studies of this condi- 
tion show that there is commonly a slight decrease of excretion of fornialde- 
hydogenic steroids, despite the stress imposed by the disease. In some pa- 
tients with severe hyperthyroidism the cortin excretion was quite low. We 
have had an opportunity to make assays on one patient, M. C., before, 
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during and following a mild thyroid storm. A decreased excretion coincided 
with the most severe phase of the disease. 

The reason for the low urinary excretion of formaldehydogenic steroids 
despite the biological e^^dence of adrenal h 3 'peracti\'ity remains obscure. 
It seems possible that the destruction of hormone should be increased bj”^ 
the greatly augmented rate of biological oxidation. In this instance urinary 
excretion would not represent hormone production. 

The observations which we have made on scur^'j’^ are also difficult to 
interpret. Contrary" to our expectation, decreased urinary excretion seemed 
to occur ajter, rather than prior to, vitamin C treatment. McKee, Cobbey 
and Geiman (16) have recently demonstrated a remarkable impotence of 
adrenal cortical steroids to raise the level of glycogen in the livers of fasting 
scorbutic guinea pigs. Whether the administration of \'itamin C to patients 
with scurvy may aid in the formation of a steroid-ascorbic acid complex (5) 
and in some way prevent excretion remains to be determined. 

SUMMARY 

The urinary excretion of formaldehydogenic steroids has been estimated 
by a chemical method based on the liberation of formaldehyde from uri- 
nary extracts bj"^ treatment with periodic acid. Presumablj’^, this method 
measures non glycogenic as well as glycogenic steroids and is, therefore, 
not considered to be directly .comparable with tests of glu coneogenesis. It 
is very desirable to compare the two types of tests in order to determine 
which one indicates best the actmty of the adrenal glands. It is probable 
that neither method }delds more than a rough indication of the quantity of 
adrenal hormones manufactured. 

. In a small number of normal persons the excretion of formaldeh 3 ’-dogenic 
steroids was found to be from 1.0 to 1.6 mg. per 24 hours. In aU but one of 
eleven determinations on 6 patients with Addison’s disease the values were 
less than 0.65 mg. per da 3 ^ 

In 7 patients with panhjqjopituitarism the excretion was below normal 
in all but one patient who excreted 1.2 mg. per da 3 \ Increased excretion 
occurred in patients with Cushing’s sjmdi’ome. 

Hypothrjmidism and hyperthyroidism were associated vith decreased 
excretion of formaldehydogenic steroids. 

The administration of ^dtamin C to three adult patients with scur\' 3 ’ 
was associated with a decrease in the excretion of formaldehj'drogenic ster- 
oids, followed bj’’ an increase, which was above normal in one instance. 
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RELATION OF OBESITY TO THE FUNCTION OF 
THE THYROID GLAND, ESPECIALLY AS 
INDICATED BY THE PROTEIN-BOUND 
IODINE CONCENTRATION IN THE 
PLASMA 

ROBERT H. WILLIAMS, M.D. 

From the Thorndike Memorial Laboratory, Second and Fourth Medical Services {Harvard), 
Boston City Hospital, and the Department of Medicine, 

Harvard Medical School, Boston, Massachusetts 

I N 1916 Means (1) reported that even in patients Mth marked obesity 
the basal metabolic rate was usually normal. Since then much e^’idence 
has accumulated (2) to indicate that hj^^othyroidism does not play an 
important role in the etiology of obesit 3 ", but this interrelationship has not 
been clarified completed". In individuals with mj’^xedema there does not 
tend to be much adiposity. For example, Boothbj" and Sandiford (3) found 
in 81 per cent of 94 obese patients that the basal metabolic rate was within 
10 per cent of normal. Strouse, Wang and Dj’^e (4) observed that the basal 
metabolic rate of normal persons was similar, per square meter of bodj’’ 
surface, to those of subjects who were overweight. Grafe (5) foiind a defi- 
nite decrease in the basal metabolic rate in only 3 of 180 patients with 
marked obesity. In most of the obese subjects whom we studied (6) the 
basal metabolic rate was normal. 

MacKay and Sherrill (7) observed that several months after total thy- 
roidectomy'’ of rats 170 day^s old there Avas a much less fat content than 
in the control animals. Plummer (8) found that only a small proportion of 
200 patients AAuth myxedema were significantly obese. Moreover, he ob- 
served that when the excess fluid was eliminated, many’’ of the subjects 
were underweight. 

Since the concentration of the protein-bound iodine of the plasma is 
generally' a better indicator of the rate of production of thyroxin than is 
the test of the basal metabolic rate, determinations of the former, as well 
as the latter, were made in 24 obese indiA'iduals. 

MATERIAL AND METHOD 

Only' markedly' obese subjects and ones who had had no iodide for more 
than six weeks were im'estigated. None of the patients had any' sy'mptoms 
or phy'sical signs suggesting hypothy'roidism. All of the patients were 
ambulatory' and were in good health, except for one Avith hy'pertension and 
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one with diabetes mcllitus. Eighteen of tlic individuals were in their fourth 
or fifth decade ; 5 were males and 10 were females. 

Plasma samples were collected using the precautions outlined by Salter 
(9), The amount of protein-bound iodine was determined, in 17 eases, by 
the method of Riggs and Man (10). 'I’lie i)lasma from the other 7 patients 
was analyzed in Dr. Salter’s laboratory, u.sing the method which he de- 
veloped (11). Estimations of the basal melabolie rate were made on ap- 
proximately the same date as blood was drawn for the iodine determination. 

RESULTS 

The protein-bound iodine of the plasma 'was found to range from 1.3 
to 8.O7 per 100 cc. of plasma (Fig. 1). The question now arises as to what 
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HEIGHT - INCHES 
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L 


63 66 * 68 64 66 67 64 73 64 62 67 63 60 62 65 64 59 68 61 71 64 61 . 62 55 


43 44 14 20 36 44 46 48 45 45 32 38 45 29 48 25 35 45 49 48 40 31 29 M 


* males 


Fig. 1. Note that the concentration of protein-bound iodine was less than iy per 100 
cc. of plasma in 1 1 cases. The total oxygen consumption per hour was greater in each in- 
stance than that of normal individuals of the same height. 


are the limits of the normal range. Relatively few values have been re- 
ported on entirely normal individuals, but a moderate number are given 
for patients with euthyroidism (12). Although exceptions occasionally oc- 
cur, values from 4 to 8r per 100 cc. may be considered normal. Winkler 
(13) has recently presented values for 235 control subjects which ranged 
from 1 to 157 per 100 cc. of serum with the majority between 3 and 87- 
Upon comparing the control values obtained by Winkler with the ones 
which we obtained in the obese subjects, it is observed (Fig. 2) that a 
greater proportion of the latter group had low concentrations of iodine in 
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the plasma. In 11 of the 24 patients -whom we studied there was less than 
47 ; in 5 of the 7 sera analyzed in Dr. Salter’s laboratory there was less 
than 47 . In only 8 of the 24 patients was the iodine concentration greater 
than 4.57; the highest value was 8.0. There was no significant difference 
clinically between the patients with hypoiodinemia and the others. 

In 18 subjects the basal metabolic rate was in the range between plus 
10 and minus 10 per cent. In only one case was it below minus 8, in which 
instance it was minus 17 per. cent. In 5 patients it was between plus 10 and 
plus 25 per cent, but three of these subjects were dj’^spneic when they were 
in the recumbent position. 


_ PROTEIN - BOUND IODINE 

■ OBESE SUBJECTS 

@ CONTROL SUBJECTS 



0-3 3-4 4-5 5-6 6-7 7-8 8 + 

y PER lOOCC. OF PLASMA 


Fig. 2. Note that the protein-hound iodine of the plasma was decreased in a greater 
proportion of 24 obese subjects than was found by Winkler (13) in 235 control indhdd- 
uals. 

As shown in Figure 1, the total number of calories utilized per hour by 
each patient, in a basal state, was distinctly greater than in indi^’iduals 
of the same height but of ideal weight. There is no correlation of the pro- 
tein-bound iodine of the plasma with the basal ox^'^gen consumption nor 
with the amount of obesity or the age of the patient. It can be observed 
in Figure 1 that there was pronounced obesity in all of the subjects; the 
average heights were essentially the same as in normal subjects. 

DISCUSSION 

It is difficult to evaluate the significance of the relatively low concentra- 
tions of protein-bound iodine. It is believed that they are technically 
accurate since (a) most of the determinations were conducted in the same 
manner as has been found satisfactory in this laboratory for several years, 
and (b) the results obtained in Dr. Salter’s laboratory were comparable 
to the ones acquired in the Thorndike Laboratory. If hj’poiodinemia is of 
significance in the etiology of obesity, it must play a role in only part of 
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the patients, altlioiigh thej^ wci’c .similar clinically. Moreover, even though 
hypoiodineinia had been found in all ca.se.s, it might not have been of very 
much significance etiologically, since pnlients with myxedema consistently 
have hypoiodineinia without much obc.sity. Furlhermore, there was not 
sufficient clinical evidence l.o diagno.se hyjjoihyroidism in any case. Three 
of the patients were ireated for several weeks with 2 grains or more daily 
of desiccated thyroid without much lo.s.s in weight.. In 15 obese patients 
examined postmortem, the thyroid gland was found to be normal macro- 
scopically and microscopically. 

Other etiologic factors in obesity arc discu.sscd in a separate report (6). 

SUMMAIIY 

The functional activity of the thyroid gland in obc.sity has been studied, 
with special attention to the concentration of the ])rotcin-bound iodine 
in the plasma. In 11 of 24 obc.se patients the iodine concentration was le.ss 
than 47 per 100 cc., an arbitraiy lower limit, of normal; in the other 13 
cases normal values were obtained. Considering these observations in the 
light of other findings in obesit.y, it is concluded that an alteration of thj^- 
roid function does not have much etiologic significance in obesity. 
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STUDIES ON ANTIHORMONE SPECIFICITY WITH 
PARTICULAR REFERENCE TO GONADO- 
TROPIC THERAPY IN THE FEMALE* 

J. H. LEATHEM, Ph.D., axd A, E. PAKOFF, M.D. 

From Die Bureau of Biologica] Research autl the Dcpnrlvicnl of Zoalagg, Rutgers Uairersit;/, 
A'cw Brunswick, A\ and (he. Department of Obstetrics and Gijnccotogij and 
the Endocrine Division of the Hospital Laboratories,- Jefferson Medical 
College and Hospital, Philadelphia, Pa. 

P ROTRACTED administral -ion of cxlracts containing gonad-stiimi- 
latiiig honnonos will fi'equend}" result in tlic formation of antihor- 
mones (1). With tlic appearance of these l\ormonc inliibitors two clioices 
present themselves: cither to diseontijuie thcra})y and await tlie disap- 
pearance of the anlihormones, which usually is a matter of 2 to 3 months, 
or to administer a gonadotro])in from another source. 

Whether or not a rcsi)onsc to another gonadot.roihc extract in the pres- 
ence of antihormones can be anticipated has received little clinical con- 
sideration. Animal e.xperiments, liowevcr, provide leading information and 
while these studies are too extensive to review here, a good summaiy in 
table form is pre.sented by Zondek and Sulman (2). In general, in the rab- 
bit, pregJiant mare serum gonadotropin will form antihormones which are 
specific in their antagonistic action. Shec]) pituitaiy extracts, on the other 
hand, elicit antigonadotropins which are nonspecific in that the}'’ will 
antagonize the gonadotropic activity of human, ox, horse, pig, i'at and 
rabbit pituitaries, of human chorionic gonadotropin and of pregnant 
mare serum. Numerous reports are also listed by Zondek and Sulman (2) 
to show that human chorionic gonadotropin will form aiitihormoiies in 
the rabbit and that these sera are capable of inhibiting human pituitaiy 
activity. It is evident from the animal experiments that the source of the 
gonadotropic extract is a factor in the problem of antihormone specificity. 
One might, of course, consider the results as being due to extracts which for 
the most part were not prepared for clinical use. This does not appear to 
be a determining factor, however, as it has been shown that the clinically 
used combination of sheep anterior pituitary extract and human choi'ionic 
gonadotropin (Synapoidin) will form antigonadotropins in the rabbit and 
that the serum will inhibit the gonadotropic activity of pregnant mare se- 
rum, human chorionic gonadotropin, human pituitary and rat pituitary (3). 
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In general, hormones of homologous source do not form hormone an- 
tagonists and therefore human chorionic gonadotropiu may elicit anti- 
hormones in the rabbit but not in man. Furthermore, inhibitorj"^ substances 
against chorionic gonadotropin, human pituitary or sheep pituitary ex- 
tract do not appear in the serum of postpartum women (4) . A recently re- 
ported exception must be noted, however, as Segaloff and Parson (5) have 
presented a case in which inhibitors against chorionic hormone were de- 
tected. 

Equine gonadotropin (pregnant mare serum) can form antigonado- 
tropins in the human but the inhibitory action appears to be hormone 
specific in agreement with animal experiments. Rowlands and Spence (6) 
and later Ostergaard (7) found that anti-PMS serum would not inhibit 
the gonadotropic activity of human pituitary or human chorioruc gonado- 
tropin. Jailer and Leathern (8) could not inhibit the gonadotropic actmty 
of sheep anterior pituitary extract plus human chorionic gonadotropin 
(Synapoidin) with the serum from a patient showing considerable anti- 
PMS activity. 

Pituitary extracts from animals will form antihormones in man but no 
information is available to ascertain whether the antagonistic action is 
specific for the hormone injected or is aspecific to the point of counteract- 
ing the secretions from the patient's own pituitary. The cmrent investiga- 
tion is a beginning study of that problem. 

Patients suffering from amenorrhea, sterility or functional menstrual 
disorders were the cases under study. All were carefully selected and gona- 
dotropins administered because the laboratory findings suggested a defi- 
ciency of pituitary gonadotropins. The hormones used were pregnant mare 
serum (Gonadogen), a combination of sheep anterior pituitar}' extract and 
human chorionic gonadotropin (Synapoidin) and human chorionic gonado- 
tropin (Antuitrin-S).' 

The presence of antigonadotropins in the serum was determined bj’’ 
estimating the degree to which the serum inhibited the ovarian weight 
increase anticipated with the gonadotropin alone. For these tests, twenty- 
two day old female rats or mice were used. All animals received the desig- 
nated dose of gonadotropin and 2 of the 4 littermates received in addition, 
at another site, a total of 0.9 cc. of the serum to be tested. Injections were 
made subcutaneously once daily for three days and the animals were 
killed twenty-four hours after the last injection. The weights of the ovaries 
and uteri were obtained at autopsy. Pregnant mare serum, human cho- 

' Grateful acknowledgment is made to Dr. M. H. Kuizenga of the Upjohn Co. for 
the Gonadogen, to Dr. D. A. AIcGinty for the Synapoidin and Antuitrin-S, and to 
Dr. R. Bates of E. R. Squibb & Sons for the Equine Pituitary Gonadotropin. 
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rionic gonadotropin, human pitniiaiy, equine pituitary and a combination 
of sheep anierior pituitary extract plus chorionic gonadotropin were all 
used to det-ormine scrum sj)ccificity. 'j'hc water soluble poi'lion of acetone- 
dried human piUiitaries was \ised. 

The specificity of })]’egnant. marc scrum antahormones was studied in 
2 cases. Each of these patients had been ])rcviously treated with an- 
other gonadotropin hut t he result ingantihormoncs foiqn'cgnant marc serum 
(PMS) were specific. CascJ was a sterile i)atic!it who had received 15r.u. 
of “Synapoidin” three tiancs weekly durfng t wo weeks of each month for 
a four month period. Pregnant marc .scrum was then administered during a 


Table L iNniiiiToiiY Acriox or Pueoxaxt Mabe Skuum Axtihobmoxes 

IX A Steuilk Womax (Case 2) 


1 

Hormone (Tot.il Dose) 

Test J 
Ovarian "W 

Hormone 

Only 

tnimal. 
eight (mg.) 

Hormone 
and Patient’s 
Scrum 

Test 

Pregnant Mare Serum (10 i.u.) 

11.3 

3.4 

PositiA^e 

“Synapoidin” (3 r.u.) 

7.4 

9.0 

NegatiA’e 

Human Pituitaiy (2 mg.) 

53.0* 

54.0 

Negative 


* Tested in rats, otliers in mice. 

Ovarian wciglit of control rats, 12.3 nig.; of mice, 3.1 mg. 


two week period (total dose, 2400 r.u.) and lier serum tested three weeks 
later. Her serum exhibited a marked anti-PMS effect but did not alter the 
action of “Synapoidin.” Case 2 was a sterile patient that had received sev- 
eral courses of injections Avith chorionic gonadotropin followed by two 
months of twice weekly injections with pregnant mare serum (total dose, 
2000 I.U.). Her serum was tested two months after the last injection and a 
definite inhibitory action against PMS was demonstrated but the same 
serum did not alter the ovarian stimulating action of "Synapoidin” or 
human pituitary in the test animal (Table 1). 

Case 3. This patient, (G.), suffered from secondary amenorrhea. She had 
received extended treatment Avith the combination of sheep AP and cho- 
rionic gonadotropin (Synapoidin) prior to the administration of pregnant 
mare serum for tAVO months. Shortly thereafter her serum Avas found to be 
antagonistic to PMS and to human chorionic gonadotropin but Avas not 
inhibitory against "Synapoidin'’ (Table 2). It Avould seem that PMS anti- 
hormones Avere not specific in this case and indeed the data do not prevent 
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this conclusion. However, “SiTiapoidin” is an extract containing chorionic 
gonadotropin and sheep anterior pituitary and, as will be presented, its 
antigonadotropins are not specific. Since this patient received “Synapoi- 
din” for an extended period, either the chorionic gonadotropin which it 
contained stimulated the development of antihormones or nonspecific 
antagonists to the sheep protein developed, which were more sensitive to 
chorionic hormone than to the administered hormone combinations. 

The nonspecific antihormones developed following the administration 
of pituitary extracts are well known and during the course of the clinical 
studies with “Synapoidin” several rabbits were also injected. The rabbit 

T.\ble 2. An'tihormone Tests on P.\tient G. (Case 3) After Tee.a.tmext with a 
Combination of Sheep Anterior Pituitary Plus Human Chorionic 
Gonadotropin (Synapoidin), and with Pregnant 
Mare Serum (Gonadogen) 


Hormone 
(Total Dose) 

Test Animal. 

Ovarian Weight (mg.) 

Test 

Hormone 

Only 

Hormone 
and Patient’s 
Serum 

Pregnant Mare Serum (10 i.u.) 

57 1 

15 

Positive 

Chorionic Gonadotropin (20 i.u.) 

4.5* ! 

2.5* 

Positive 

“Sjmapoidin” (3 r.u.) 

36 i 

39 

Negative 


* Tested on mice. 


serum was soon found to be antagonistic to these gonadotropins and the 
finding that human pituitary extract was also antagonized by this serum 
prompted a more complete study of our chnical material. Patients were 
treated with “Synapoidin” from two to three times weekly in 15 R.n. (1 cc.) 
intramuscular doses during the first two weeks of each month. After from 
two to five months of therapy the sera failed to contain antihormones for 
“Synapoidin,” but the possibility that substances inhibitory to gonadotro- 
pins from other sources might be present, while unhkely, was not ehm- 
inated. Therefore, a number of these sera were also tested against human 
chorionic gonadotropin, pregnant mare serum, equine pituitarj’^ and human 
pituitary and with but one exception were found to be negative (Table 3) . 
The exception was a patient tested after three months of treatment, dur- 
ing which time the “Sjmapoidin” did not form hormones against itself 
but did elicit the formation of substances capable of antagonizing the 
action of chorionic gonadotropin. Although it is not possible to say which 
of the components of “Sjmapoidin” was responsible for this antihormone 
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development it, does seem logical to assume tliai the sliecp protein formed 
noiispccifie substances which were more potent, against cliorionic gonado- 
tropin. A similar situation occurred in the j)reviously discussed cose S in 
which PMS was also administered. It is apparent tliat PMS is not needed 
to stimulate the development, of antiliormones for cliorionic gonadotropin 
when ‘^Synapoidin” is admini.stcrcd. Tlie clinical response was clearly dem- 
onstrated in cases of functional menstrual disorders wliich, for the most 
part, were restored to normality'. 

After six months of treatment with "Synapoidin” .several patients de- 
veloped substance.s in their .scrum wliicli wci'c capable of reducing the 


Tabi/E 3. Antiuoii.moa’e Test.s with Seha fhosi Patie.vt.s Tkrated fob Two to Five 
I^IoXTHS, WITH A Co.MIHiVATIOX OF ShEEP AnTERIOR PiTUITARV 
AKD Humax Cuorioxic GoxAnoTRoi'ix (Synaboidix) 


Test AnirnflI. 
Ovarian Weight, (mg.) 


Hormone 

No. of 
Patients 
Tested 

No. of 
Positive 
Tc.sts 

Hormone 

Only 

Hormone 

and 

Patient’s 

Scrum 

Test 

"Synapoidln” 

12 

0 

42 

47 

Negative 

Chorionic Gonadotropin 

G 

1 

42* 

23* 

Positive 

Pregnant Mare Serum 

3 

0 

39 

47 

Negative 

Equine Pituitary 

4 

0 

30 

30 

Negative 

Human Pituitar}’’ 

3 

0 

45 

46 

Negative 


* Data of the one positive test. Others are averages of all tests. 

effectiveness of these gonadotropins. In 4 cases the presence of antihor- 
mones was reflected by the failure of the patient to respond to previously 
successful therapy and by the aiitihormone tests wdiich were positi^m for 
the gonadotropic material administered. Furthermore, the partially non- 
specific nature of these antigonadotropins was shown by the inhibitory ac- 
tion of the serum against humap chorionic gonadotropin and pregnant 
mare serum but the lack of such action against human pituitary (Table 4). 

These studies recall the antihormonic tendencies of gonadotropins with 
the general exception of chorionic gonadotropin. When the hormone source 
is pregnant mare serum the antihormones which develop are specific and 
consequently a clinical response could be anticipated with a pituitary 
extract in the presence of anti-PMS serum. The extract would possibly 
have to be from a source other than horse pituitary. ‘'Synapoidiii” while 
showing no evidence of antihormone formation for the first six months of 
therapy in the doses used may, on a rare occasion, exhibit antichorionic 
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hormone action during this time. More extended use of “SjTiapoidin” 
can elicit nonspecific antihormone formation, and a response to preg- 
nant mare serum hormone in the presence of “anti-SjTiapoidin” serum 
would not be anticipated. Unlike the animal experiments, human “anti- 
Sjmapoidiii" sera do not inhibit the gonadotropic action of human pitui- 
tary. It is necessary to emphasize, however, that continuous administration 
of this gonadotropin might form substances antagonistic to human pitui- 
tary but it is apparent that antihormone formation can be detected before 
such action is possible and serves as a definite reason to discontinue this 


Table 4. Inhibitory Action of Human “Anti-Sy'napoidin” Serum 


Hormone 

No. of 
Patients 
Tested 

No. of 
Positive 
Tests 

Test Animal. 
Ovarian Weight (mg.) 

Test 

Hormone 

Only 

Hormone 

and 

Patient’s 

Serum 

“Synapoidin”* 

4 

4 

57 

24 

Positive 

Chorionic Gonadotropin 

2 

2 

39 

18 

Positive 

Pregnant Mare Serum 

4 

3 

38 

16 

Positive 

Human Pituitary 

3 


36 

39 

Negative 


* Sheep anterior pituitary and human chorionic gonadotropin. 


therapy. These data further emphasize the importance of antihormone 
tests in patients ^ecei^’ing extended gonadotropin therap3% 

SUiMMARY 

Further e^ddence is presented to support the contention that antihor- 
mones which develop following the administration of pregnant mare serum 
are hormone specific. On the other hand, patients who develop antihor- 
mones for a combination of human chorionic gonadotropin and sheep ante- 
rior pituitary extract (Synapoidin), have sera of a partiallj’^ nonspecific 
nature. These sera will counteract the actiYuty of chorionic gonadotropin 
and pregnant mare serum but will not affect that of human pituitarj'. In 
general, if the sera of patients recei\dng “Sjmapoidin” therapy fail to show 
the development of antihormones for the administered extract, they will 
also fail to show antagonism to gonadotropins from other sources. It ap- 
pears that pregnant mare serum therapj' would be to no avail in the pres- 
ence of the formation of “anti-S;s'napoidin” serum by^ the patient : but that 
“Synapoidin” therapy would be effective in the presence of anti-PMS se- 
rum. 
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ANNOUNCEMENT OF THE 1948 
MEETING OF THE ASSOCIA- 
TION FOR THE STUDY OF 
INTERNAL SECRETIONS 


The Thirtieth Annual Meeting of the Association for the Study of In- 
ternal Secretions ■null be held in the Palmer House, Chicago, Illinois, June 
18 and 19, 1948. 

The scientific sessions will be held in the Red Lacquer Room and regis- 
tration will be on the fourth floor just outside the Red Lacquer Room. The 
Annual Dinner will be held in the same room on Friday, June 18th at 7 
p. M. and mil be preceded by a cocktail party, the location of which will 
be announced later. 

All members of the Association who plan to attend the Thirtieth Meet- 
ing are urged to make their reservations at once mth the Palmer House, 
stating the time of arrival and how long they plan to remain in Chicago. 

The program of the meeting will appear in either the April or jMay issue 
of the Journal, and the abstracts of papers presented at the annual meet- 
ing will be published in the July issue. 
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ANNOUNCEMENT OF THE 1948 
LAURENTIAN HORMONE 
CONFERENCE 


The Laurentian Hormone Conference of the A.A.A.S. will meet in 1948 
at the Forest Hills Hotel, Franconia, New Hampshire, from September 
13th to ISi.h inclusive. The program (which will be publi.shecl in full at a 
later date) will consist of four scction.s: 

I. The metabolism of steroid hormones in vivo and in vitro. 

IL Thyroid ph3''siology and function. 

III. The role of hormones in tissue and bodj’- metaboli.sm, 

IV. Hypothalamic ncuro-humoral relationships. 

Because of limited accommodations, attendance is bj' invitation, but the 
Committee on Arrangements will receiA'e applications foi’ membership until 
June 15, 1948. Applications .should be addressed to: Dr. Gregory Pincus, 
Chairman, Committ ee on Arrangements, 222 Maple Avenue, Shrewsbury, 
Massachusetts. 
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THE INTERSTITIAL TISSUE OF A HUMAN 
HERAIAPHRODITE* 

ERNEST VAN CAAIPENHOUT, M.D. axd EMIL WITSCHI, Ph.D. 

From the Anatomy Department, University of Louvain, Louvain, Belgium, and the Zoology 
Department, University of Iowa, Iowa City, Iowa 

T he site of production, of the sex hormones in human males is still a 
disputed question. In a recent contribution by Witschi and Mengert 
(1) eUdence is presented supporting the contention that the sustentacular 
cells of the seminal tubules (so-called cells of Sertoli) are the producers of 
the female sex hormones. In a patient of feminine appearance, without 
ovaries, but with large testes, the urine contained a considerable amount 
of estrogens. After removal of the sex glands, the estrogenic substances dis- 
appeared. A histologic stud}" proved the complete absence of ovarian cor- 
tex and an abortive condition of spermatogenesis. The interstitial cells 
(of Leydig) were small and did not give the impression of much actiUty. 
On the other hand, the sustentacular cells were highly developed, and gave 
the appearance of intense secretory actiUty. The morphologic homology 
of the ovarian granulosa and the sustentacular cells of the testis was 
stressed, and the origin of the female sex hormones of this patient was 
attributed to the sustentacular cells. 

During the last few years, one of us (Van Campenhout (2, 3, 4, 5)) became 
interested in the neural relationships of the interstitial tissue in human sex 
glands, and presented new eUdence in favor of the interstitial nature of 
sympathicotropic cells described by Berger (6). As in human testes and 
ovaries, intimate connections between interstitial cells of Leydig and nerve 

Received for publication December IS, 1947. 

* Aided by grants from the National Research Council, Committee for Research in 
Problems of Sex. 
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fibeis were also found in flic Icslos of sonic primates. According to these 
observations, ncuro-epit helial complexes arc present in the gonads of both 
sexes. Since the interstitial cells of the testes and the cells of the theca 
interna of the ovary are homologous, a similar function might reasonably 
be expected to c.xist. in these gonads. It was .suggested that the nervous 



Fig. 1. Part of albuginea from section through hermaphrodite gonad. Nerve trunk 
(n.t.) in close association with a group of interstitial cells (i.c.). Some nerve fibers pass 
in between these cells. Stained by the trichromic method of Masson. 

stimuli might modify the normal secretion of the homologous elements of 
the gonads so as to give rise to different hormones. 

It was, therefore, decided to make a renewed study of the sections of the 
sex glands removed from the patient and to test, in this possibly crucial 
case, the validity of the last mentioned hypothesis. Absence of neuro- 
epithelial complexes would constitute a strong argument against it. 

Some of the previously prepared sections were bleached with acetic 
alcohol or sulphuric bichromate and restained by Masson’s trichromic 
process. This method gives a clearcut differentiation of nerve and connec- 
tive tissue fibers.’ 
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The observations may be described briefly. The interstitial elements be- 
tween the seminal tubules are essentiallj’- identical with those of the-al- 
buginea. The cjdoplasm does not show anj" marked difference between 
endoplasmic and ectoplasmic zones; it contains few vacuoles. For these 
reasons one may consider them as being in a relatively inactive state. Of 
course, it is not certain that endo-ectoplasmic differentiation or vacuohza- 
tion are indispensable aspects of endocrine activity, and the possibihty of 
some degree of hormone production b}-^ these interstitial elements is not 



Fig. 2. Detail from another section; same material and technique. Numerous inter- 
stitial elements (i.c.) are enveloping a nen-e trunk (n.t.) in which a few Schwann cells 
are seen, a arterj'. Both figures about x750. 

denied. In fact, it is perfectly obAuous that before the operation small 
amounts of androgenic hormones were available, which maintained epidi- 
dymides of normal male size and of good histologic development. 

In the albuginea one finds numerous instances of interminghng or inter- 
penetration of interstitial cells and nerve fibers. Tj^jical areas of restained 
sections are reproduced in Figures 1 and 2. Both show the intimate inter- 
relationship of interstitial cells and amj^ehnic nerve fibers, the latter twist- 
ing between and around the epitheloid elements. The images are very 
similar to those presented bj”^ hundreds of neuro-epithelial complexes which 
were observed in normal and crj^itorchid males, so that there can be no 
doubt about the neural nature of these fibers. There is but one difference, 
and that concerns the aspect of the cj'toplasm of the cells of Lej'dig. In 
noi-Qial and crj’ptorchid males, many sympathicotropic cells show either a 
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differentiation of endo- and ectoplasm, a vacuolized aspect of the cyt 
plasm, or more or less numerous inclusions of crystalloids (of Reinki 
But in the present, case, t.hc cytoplasm stains uniformly and appears 
even density, Avithout special inclusions in the majority of the cells. . 
stated above these histologic fcat.urcs apparently arc related to a Ioav seci 
lory activity of the intcrst.itial cells, and possibly to the low androgen Iga 
of this patient. 

The reported obsci'vations rai.se the question of the functional impc 
tance of the inner\\at.ion of the interstitial cells. Usually one thinks of t’ 
nerAmus and the endocrine .systems a.s of .sejrarate control agencies; b 
instances of interdependence and collaboration are Avell knoAvn. The pr€ 
ent case is suggestiA'e of a degree of control of hormone production ai 
release by the autonomous ncrAmus system. Since adrenocortical, intc 
stitial, and thecal cells arc clo.selj'' related, embryologically and cytolo^ 
cally, one may consider qualitatiA’-e as Avell as quantitative modificatio 
Okkels and Sand (7) eA'en hint at the possibility of a separate secretion 
“still unknown kind” b}’- the Berger cells. The actual A^alue of these su 
gestions remains to be t ested by experimental and physiologic methods. 

CONCLUSIONS 

The histologic study of the .sex glands of a human hermaphrodite ( 
gives eAudence of intimate connections between interstitial cells and neri 
fibers. The appearance of the interstitial cells of the hermaphrodite sui 
gests a relatively low endocrine actiAdty. The possible importance of tl 
innervation of the interstitial ceils for the control of volume and qualitj^ < 
endocrine production is taken into consideration. 
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ADRENAL AND TESTICULAR DEFICIENCA^ 

A co:mparison based on similarities in androgen 

DEFICIENCY, ANDROGEN AND 17-KETOSTEROID EXCRE- 
TION, AND ON DIFFERENCES IN THEIR EFFECTS 
UPON PITUITARY ACTIVITY 

E. PERRY McCULLAGH, M.D., ROBERT W. SCHNEIDER, M.D., 
WENDELL BOWMAN, Ph.DA axd M. B. SMITH, M.D. 

Cleveland Clinic, Cleveland, Ohio 

A CCORDING to the theory that there is a second testicular hormone 
(inhibin), deficiencj’’ of this factor, as in the human castrate or in 
severe testicular failure, is chiefly responsible for the ensuing pituitar}’- 
hjTier activity. It is generally conceded that androgens arise in the cortex 
of the adrenal gland as well as in the Leydig cells of the testes. The andro- 
gens arising in the testes, together 'with the androgens and other related sub- 
stances arising in the cortex of the adrenal, are largely represented in the 
urine as a group of substances known as 17-ketost-eroids. Measurement of 
these is frequently used to estimate certain hormonal acti^^ties of the 
testes and the adrenal glands. Androgenic activity per se is measurable 
biologically. 

In women with ovarian deficiency the cause of pituitary hyperacti%’ity 
apparently is the loss of estradiol. The high levels of urinary follicle-stimu- 
lating hormone (F.S.H.) occurring after castration or the menopause can 
be reduced by small amounts of estradiol or other estrogens. In Addison’s 
disease in women the loss of androgens from the circulation is apparently 
the cause of the marked loss of body hair and is indicated also by the ex- 
tremely low levels of 17-ketosteroids in the urine. It has not been shown 
that this loss of androgens is followed by increased acti^^ty of the anterior 
pituitary gland, as judged bj" an increase of urinary F.S.H. The fact that 
there tends to be a disappearance of basophil (sex hormone-producing (1)) 
cells from the anterior lobe under such circumstances would lead to the 
suspicion that the opposite might be the case. 

The fact that pituitary hjq)eractivity occurs in the male as a result of 
castration or of severe primary testicular failure seems to be acceptable. 
The occurrence of such high levels of urinarj' F.S.H., in castrate or eunuch- 
oid men, as shown later, is e^idence of this point. Some workers have 
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ascribod piluilary liypcrfuiiation rcsulliiig from lostacular deficiency solely 
to the dcficieney of androgens wliich exists. ]']videnco wliicli has accumu- 
lated in the past, as well as data jjrcsenled here, slrcjiglhen the opinion 
that this is not a fiict, and that a deficiency of some olher hormonal ac- 
tivity is partly and jn'ohably chiefly responsible. . 

A few of the arguments regarding a testicular hormone arising in the 
germinal epithelium may be mentioned, 'fhe idea of an independent endo- 
crine function of the germinal epithelium of the test.is was first advanced 
b,y Mottram and Cramer (2) in 1923. They .showed that application of 
radium to the testes of the rat produced little eflect U])on tlic interstitial 
cells but rather marked atroph}’ of the gamctogenic elements. Under these 
circumstances there occurred histologic changes in the anterior lobe of the 
hypophysis similar to those found after castration. Because the secondary 
sex characteristics ai'e not obviousl}" afTected by destruction of the germinal 
epithelium, the production of two hormones Avas suggested by j>.Iartins 
and Rocha (3). 

McCullagh (4) and McCullagh* and AValsh (o) found that aqueous ex- 
tracts of the testis caused disappearance of castration changes in the 
hypophj'sis, although thc}'’ brought about no apparent androgen-evoked 
change in the accessoiy sox glaiuls. McCullagh and Walsh (5) showed that 
this effect remained after the lipoid-soluble substances had been I'emoA^ed 
from such testicular extracts. Ro}’’ IMcCullagh (4) named this water-solu- 
ble, pitiiitaiy-inhibiting testicular substance “inhibin.” 

Nelson’s (6) studies of ciyptorchid animals led him to the belief that 
castration changes in the pituitary in the presence of damage to the ger- 
minal epithelium, are the result of a great sensitiAuty on the part of the h}''- 
pophysis and that castration effects of a mild degree did occur in the acces- 
sory organs. He felt that such changes need not necessaril}'’ be explained 
on the basis of a second hormone. 

Since many Avorkers have shoAvn that sufficiently large doses of an- 
drosterone and testosterone, as Avell as estrogens, will preA’^ent or reA^'erse 
castration changes, Moore (7) and others haA’’e considered the existence 
of a second testicular hormone improbable. 

Tornblom (S) in Uppsala has made extended and Avell controlled experi- 
ments along these lines. His Avork supports the idea that a second testicular 
hormone exists. Among other arguments he shoAvs that “giAong testoster- 
one to young castrate male rats in such quantitj’’ that the Aveight of the 


prostate and seminal vesicles someAAdiat exceeds the AA'^eight of these organs 
in normal animals will not prevent the increase in AA^eight set up in the 
hypophysis after castration.” Such results can readily be duplicated, as 
shoAvn by the folloAving data fi'om our own laboratory; 
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No. 

Body .. 

. Pituitary 

Y eight 

Prostate 

Seminal 

Vesicles 



Gm. 

mg. 

mg. 

mg. 

Noncastratc 

1 

255 approx. 

6.4 

257.0 

461.2 

controls 

2 

258 approx. 

6.4 

289.2 

482.8 


3 

260 approx. 

5.8 

164.8 

242.4 


4 

262 

6.8 

282.2 

338.6 


5 

255 

6.2 

252.0 

•392.0 


6 

257 

7.S 

311.6 

410.0 

Castrated 

1 

290 

12.0 

atrophied 

• 78.8 

controls 

2 

280 

11.6 

atrophied 

1-00.0 


3 

287 

10. S 

atrophied 

90.0 


4 

255 

12.0 

none 

100.2 


5 

278 

10.2 

atrophied 

134.6 


6 

272 

11.0 

' atrophied 

102.0 

Castrate- 

1 

318 

11.2 

433.8 

652.4 

testosterone 

2 

277 

11 .4 

351.9 

509.2 

injected, 100 

3 

292 

8.2 

496.6 

511.6 

micrograms dail}’ 

4 

305 

9.2 

321.9 

515.6 


5 

294 

10.4 

361.2 

486.6 


6 

282 

10.2 

310.0 

490.0 • 

Castrate- 

1 

300 

14.8 

none 

131.9 

estrololactone 

2 

273 

13.2 

19.0 

96.6 

injected, 100 

3 

276 

12.8 

atrophied 

107.4 

micrograms dailj’ 

4 

300 

10.0 

29.0 

94.8 


5 

256 

10.0 

atrophied 

108.0 


G 

295 

12.0 

atrophied 

124.0 


Tornblom extracted a fraction from bull testes ■which inhibits the ■weight 
increase in the hypophysis of castrated male rats. He calls attention to 
the fact that this fraction has biologic actmties ■v\’hich tally closelj* ■with 
estradiol. 

In man two factors may lead to the production of high titres of urinarj* 
gonadotropins; 1) castration or severe total testicular damage; 2) ohgo- 
spermia, in some instances of which there is no clinical e\’idence of andro- 
gen deficiency and in which normal 17-ketosteroid excretion exists. In the 
latter instance the high gonadotropin excretion cannot be explained on a 
basis of Leydig cell failure alone and is probably the result of inhibin de- 
ficiencJ^ Examples of this are seen in men ■with crj'ptorchiclism who are 
large, strong, and normally aggressive, with a normal voice, beard, body 
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hair, external genitalia and prostate. In other words, these men have not 
the slightest suggestion of androgen dehciency. Assays for urinary 17- 
ketosteroids are normal. They liave inactive tubular tissue and high titres 
of ui’inai-y F.S.II, There are also such patients as those described by Kline- 
felter et al. (9) who have oligospermia and gynecomastia, normal urinary 
17-ketostcroids, aiid high ui'inary F.S.H. These men probably are also 
examples of deficiency of a second testicular hormone resuKing in pituitary 
hyperfunction, though it is not to be overlooked that these patients merge 
in clinical appearance with those showing mild eunuchoidism and their 
appearance does not dilTer materially from the hypogonadal group Avith 
gyneconiastia described by Nelson and Heller (10), Data of our own soon 
to be published indicate that- in the presence of testicular deficiency, large 
doses of androgens fail to reduce the high levels of urinary gonadotropins. 
It appears also that a defect in gametogenic elements is more intimatelj'" 
connected with such a change than a defect in Sertoli’s cells, since similar 
high titres of gonadoti'opins may be found in patients whose tubules con- 
tain onlj'- Sertoli’s cells. 

It occurred to us that if it were true that diminution of androgens in 
the body were alone responsible for the pituitary hyperactivity, and if it 
were also true that androgens in both men and women arise in the adrenal 
gland, then it should foIloAV that high titres of urinaiy gonadotropins 
should be present in patients Avith destroyed adrenal glands, as in Addi- 
son’s disease. This should be especiallj'’ true in women since in them, the 
only source of androgens is impaired or lost. 

In using this type of comparison of testicular and adrenal disease two 
questions might be raised. First, in testicular failure are the clinical evi- 
dences of androgen deficiency, the lowered excretion of androgens and 17- 
ketosteroids, due to deficiency in testicular hormone directly? From the 
large amount of experimental and clinical evidence aA^ailable it appears 
that in primary testicular deficiency tliis is true. Certainly there is no evi- 
dence to suggest that pituitary or adrenal failure exists to explain such 
changes. In male rats castration leads to pronounced hypertrophy of both 
the adrenal cortex and the pituitary (11, 12). Clinically the higher urinary 
gonadotropins strongly suggest a high degree of pituitary function. In 
those patients in whom pituitary failure is associated with a pituitary 
tumor or other local pituitary lesion there are, besides the hypogonadism, 
other evidences of disease, including signs of failure of thyroid and adrenal 
functions. This makes it possible to separate these patients from those with 
primary testicular failure. The second question is: Does the adrenal failure 
in Addison’s disease, with the loss of adrenal hormones, result directly in 
the diminished androgen effects and excretion and the diminished 17- 
ketosteroid excretion, or are these the result of associated phenomena? It 
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might be asked whether such changes are due to pituitary deficiency, and 
associated testicular failure in men, or to the general debihty present. 

Pituitary deficiency might be considered as a possible cause of Addi- 
son’s disease in instances in which adrenal atrophy and not infection is 
present. If this were true, part of the changes under consideration might 
be due to testicular deficiency existing as part of Addison’s disease. This 
explanation is not vahd because: (a) patients Ts-ith Simmonds’ disease or 
hjTDopituitarism wdth pitiiitary tumor, though they have adrenal hypo- 
function, are clearly separable cUnically from those with Addison’s dis- 
ease; (b) urinar}^ 17-ketosteroids in patients wdth hjTDopituitarism are at 
a range approaching zero and are much lower than in men with Addison’s 
disease (13) ; (c) relatively normal sperm counts which exist in Addison’s 
disease indicate active pituitarj’^ function; (d) the high gonadotropin 
titre present in postmenopausal women with Addison’s disease is good 
evidence of strong pituitary function. 

The facts strongly favor the idea that the prostatic changes and the 
lowered androgen and steroid excretion seen in Addison’s disease are di- 
rectly due to a loss of adrenal hormones rather than to testicular deficiency. 
The prostatic atrophy frequently present in Addison’s disease is e^ddently 
due to androgen deficiency. Such androgen deficiency is probably not due 
to testicular hypofunction for the following reasons (a) testicular atrophj'' 
is not usually present in Addison’s disease; (b) there are no sjmiptoms of 
testicular deficiency; (c) sperm counts, though low in some patients, maj' 
be entirely normal in others; (d) we have been unable to demonstrate high 
urinary F.S.H. in Addison’s disease except where gonadal failure exists, 
as in postmenopausal women, or in cases of complete aspermia (case 7) 
or severe oligospermia. 

Low levels of 17-ketosteroid excretion have been observed in Addison’s 
disease when the general health was good due to long continued treatment. 
This seems to indicate that the low excretion of these materials cannot be 
explained on the basis of debility. 

Androgenic substances and 17-ketosteroids have been shown to be pres- 
ent in the adrenal cortex (14, 15, 16, 17, 18). It is well known that a defi- 
nite increase in masculinizing materials may arise here in pubertas praecox 
in boys and in certain adrenal cortical tumors. Loss of these substances 
from the adrenal itself in Addison’s disease seems clearly indicated by the 
extremely low levels of urinary 17-ketosteroids seen in women with this 
condition. 

METHODS 

17-Kelosteroid determinations. Twenty-four hour specimens of urine were 
used, with the exception of some pooled forty-eight hour specimens. The 
urine was acidified by the addition of 5 cc. of concentrated sulfuric acid per 
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100 cc. of urino and immediately hydrolyzcfl l)y boiling for ten minutes. 
J he hydrolj’zed urine was (hen exiraefed in Ihrce lialf-lionr pcriocl.s with 
redistilled bidyl e(hcr, 200 ee. per lifer of urine being used for each extrac- 
tion. The combined bidyl ether exirael.s were wa.shcd .several times with 
1.5 N sodium hydroxide .soluf.ion, followed b}’ .'.•ci’cral washing.s with tap 
water until the ether layer was clear. In cases in which capon assay was 
done, half the extract was I'cservcf! for that purpose. 

Capon assayf! were done on crude neutral fractions according to methods 
routinely u.scd in this laboratory (10, 20), five test birds and five controls 
being luscd for each test.. The butyl ether was removed bj'’ vacuum distilla- 
tion and the residue di.ssolved in cthjd ether and finall}’’ taken up in sesame 
oil for injection. 

The other half was divided into two fractions for 17-ketostcroid deter- 
mination, earlier tests being made by the Girard (21) method and later 
ones by adsorption on magnesium oxide (22). Colorimetric determinations 
were made by (he Holt.orlT-Koch modification (23) of the Zimmermann re- 
action (24, 25). 

The gonadotropic hormone assays were done by one of two methods. In 
the rat. uteil no- weight method u.scd in the earlier work (26) the entire 
twenty-four hour specimen is precipitated with four volumes of 95 per cent 
alcohol and fractionated according to the method of McCullagh and Bow- 
man (27). The results are expressed in terms of actual rat uterine weight 
in milligrams. 

The mouse uterine-weight method for gonadotropic hormone assays was 
that of Klinefelter, Albright, and Griswold (28). Immature female mice are 
used and the gonadotropin to be tested is precipitated from the urine by 
alcohol. One unit is considered the amount of the hormone which, when 
injected in five doses over a three-da}'' period in a dilution of 0.5 cc. per 
dose, causes a minimal uterine weight increase. The uterus is considered 
enlarged if it weighs more than 7 mg. 

RESULTS 

Urinary 17-keiosteroids. Urinary 17-ketosteroids in a group of 40 normal 
men ranged from 4.9 to 18.4 mg. (mostly from 6 to 14 mg.) per twenty- 
four hours, and in 18 normal ivomen, from 1.5 to 9.7 mg. per twentj^-four 
hours (Table 1). 

The range of results of individual tests set forth in Table 2 shows that 
urinary 17-ketosteroid levels in 13 men with Addison’s disease, 5 castrate 
men, and 6 eunuchoid men, were lower than the normal range established 
in this laboratory, except in one assay in a man with Addison’s disease 
{case 1). It shouid be^l^noted that the results of the Girard method were 
. usually somewhat higher than those obtained by the magnesium oxide 
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adsorption method. Results of indi^^dual tests in 5 women with Addison’s 
disease (Table 10) were lower than those in men with Addison’s disease; 
this fact is consistent with the generally held idea that since the only 
source of 17-ketosteroids in women is the adrenal cortex, women with 
Addison’s disease excrete practically no 17-ketosteroids. 

Urinary a7jdrogens. Levels of androgen excretion in normal individuals 
are given in Table 3. The results of 41 assays in 20 men are shown. Androgen 
assaj's (Table 4) in castrate, eimuchoid, and Addison’s disease groups were 


T.\ble 1. Urinary 17-Ketosteroids* in Normal Men .4.nd Women 
20 TO 40 Years of Age 


Men 

Women 

40 Patients 

IS Patients 


jMgO Adsorption 

MgO Adsorption 

mg./24 hr. 

No. of Cases 

mg./24 hr. 

No. of Cases 

6. Of 

4 

i.ot 

3 

7.0 

7 

2.0 

0 

8.0 

6 

3.0 

7 

9.0 

6 

4.0 

1 

10.0 

4 

5.0 

1 

11.0 

5 

6.0 

3 

12.0 

1 

7.0 

0 

13.0 

2 

8.0 

2 

14.0 

2 

9.0 

1 

15.0 

0 



16.0 

1 



17.0 

1 



IS.O 

1 




* All 17-ketosteroid assays in this and the following tables represent pure ketonic 
fractions. 

t Each figure represents assays at that level and to 0.9 mg. above it. 


abnormally low, with one exception (case 29 ) ; the levels in some of the 
tests in this patient fell within the low hmits of normal. It is interesting that 
this patient was probably the most severel 3 ’’ eunuchoid in the group. The 
majoritj’^ of the assaj’^s in patients with Addison’s disease were about half 
of the low limits of normal. In general, these figures are similar to those 
reported by Callow (29) who found levels of 7, IS, 23, 26, 9, 39, 13, I, 5 
and 20 international units in assay's done on 7 patients with Addison’s 
disease. One assaj”^ in a patient with Addison’s disease after a tM'o-j'ear 
period of treatment (case 5) fell well within normal range, the figures com- 
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T.\in-i: 2. UiUNAnv IT-Kktostiuioidh in* AIkn with Ti:sTr(.’ur<An 
FAJi.inn: and Mi:n' avith Addison’s Diskasi; 


Castrate 

1 

i Eunnclioid 

[ 


Addison’s Disease 

Case 



\ 

mp./24 hr. ' 

Case 

Alothod 

^ MgO 

Girard 






mg./24 hr. 

ing./24 hr. 

21 

0.0 

27 

S.O 

1 

3.4 

9.0 

22 

2.0 


5.0 

2 


4.0 


2.0 

28 

0.0 

4 


4.0 


1.1* 

29 

5.0 

>'> 


4.0TNFt 


1 .0* 

30 

0.0 

0 

2.8 

5.0 


O.S* 

31 

S.OTNFf 

7 

2.5 

0.3 


1 .3* 

32 

2.0 

8 

1 .7 


23 

5.0 



9 

2.0 

1.0 


4.0* 



10 


3.0 

25 

4.0 



11 


2.0 


3.0* 



12 


5.0 

20 

1 .0 



13 

4.0 



* Fractionated MgO adsorjition; others Girard separation. 
tTNF= Total Neutral Fraction. 


paring clo-sely with those reported by Koch (30). In neither the castrate 
nor the Addison’s disease group were the 17-ketosteroid levels and andro- 


Case 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Table 3. Androgen Assays in Normal AIen 
Age 24 TO 40 T'ears 
( 41 assa3'3 in 20 men) 


I.U.*/24 hr. 

No. of 
Assaj’^s 

Case 

I.U./24 hr. 

No. of 
Assays 

17 

1 

11 

35 

1 

IS 

2 

12 

37 

1 

20 

1 

13 

43 

3 . 

24 

1 

14 

44 

1 

25 

, 1 

15 

44 

3 

20 

1 

16 

47 

3 

28 

1 

17 

53 

1 

30 

1 

IS 

59 

13 

33 

1 

19 

69 

2 

33 

2 

20 

104 

1 


* International units. 
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Table 4. Urin'aky Androgexs in IMex with Testicul.ar Failure axd Mex with 
Addisox’s Disease, ^Ieasured by Capox Comb Growth* . 


Castrate 

Eunuchoidism 

Addison’s Disease 

Case 

I.U./24 hr. 

No. of 
Assays 

Case 

LU./24 hr. 

No. of 
Assays 

I Case 

I.U./24 hr. 

No. of 
Assa3's 

21 

9 

2 

29 

16.2 

5 

3 

10 

1 

22 

6 

2 

31 

4.4 

5 

4 

10 

1 

24 

12.0 

2 

32 

S.4 

5 

5 

10, 45t 

2 

26 

4 

1 




' 6 

10 

1 

27 

0 

4 




9 

3 

1 







11 

7 

1 







12 

19 

1 


* Normal range: IS to 100 I.U./24 hr. 
t After two years’ treatment with desoxycorticosterone. 


gen assays decreased to the same degree. The chnical degree of androgenic 
deficiency should be clearl 3 >- distinguished from that indicated by urinary 
assa3\ 

Prostatic atrophy. The in. vivo androgenic effects were judged by careful 
clinical estimation of prostatic size (Table 5). There was consistent and 


Table 5. Degree* or Prost.atic Atrophy ix Adrex.al Cortical 
AXD Testicular Failure 


Castrate 

Eunuchoid 

Addison’s Disease 

Case 

Degree 

Case 

Degree 

Case 

Degree 

21 

4 + 

28 

3 + 

1 

0-1 + 

22 

2 + 

29 

4 + 

2 

0 

23 

4 + 

30 

4 + 

3 

0 

24 

4 + 

31 

2 + 

4 

3 + 

25 

1 + 

32 

4 + 

5 

1 + 

26 

4 + 

33 

4 + 

6 

0 

27 

4 + 


J 

7 

3 + 





s 

2 + 




1 

9 

0 




i 

10 

0 





11 

ot 





12 

Of 





13 

2 + 


* 0 — normal size; 1 4- to 4-)- =mild to extreme atrophy, 
t Not examined personally. 
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usually pronounced prostatic a(.roj)hy aficr casIraMon and in eunuchoid- 
ism, whereas in men witli Addisoids disease pros! at ie alro{)hy was present 
on]}’ in some eases. In spile of the fuel that nrinary 1 7-kctosteroids and 
androgen levels were low, atulrogenie cfTeels as juflged by prostatic size 
approximated the normal much more closely in adrenal failure than in 
testicular failure. However, a tendency to ju’ostatic jitro})hy in Addison's 
disease suggests that androgenic enccts are decreased in this condition in 


Taiu.c 0. I.ini.VAiiy Gonadotkoi'I.v Tjthks i.v Noumai, Mkn 
Bktwi;i:n 20 axj) 40 Ykah.s or Ace: 


Mouse Uiiils/24 Hours 

22 Patients* 

Pat Uterine Weight (mg.) 

15 Patients 

Mouse Units/24 hr.s. 

No. of Cases 

Uterine 

Weight (mg.) 

No. of Cases 

23-2G j 

() 

14-20 

3 

2G-53 

12 

20-40 

0 

53-105 

10 

40-00 

0 



CO-80 

7 



80-100 

3 



100-120 

1 


* Ten of the men who had mouse assaj's had children less than 4-J- years of age. All 
were examined and showed no clinical evidence of endocrine disease. 


spite of the presence of intact testes. It should be pointed out that some 
prostatic atrophy may occur in other chronic debilitating diseases in which 
adrenal failure may or may not be a factor. The point to which we wish to 
call attention especially in this respect is that the diminution in androgens 
in Addison’s disease is not connected with liigh urinaiy gonadotropins if 
gonadal function is good. Cases 6, S, and 10 demonstrate this. 

Urinary gonadotropins. Tables 6 and 7 show levels of urinary gonado- 
tropins in normal men and women, according to results of the mouse 
uterine-weight method. In Table 8 it will be seen that in instances of tes- 
ticular failure, tests by the rat uterine-weight method show high levels, 
though this method does not show whether or not they are excessive. They 
approach the maximum response, but all are exceeded by some of the nor- 
mals shown. Tests by the mouse uterine-weight method all show levels in 
excess of the upper limit of normal (105 mg. per twenty-four hours). Table 
9 shows high levels of urinary gonadotropins associated with severe oligo- 
spermia in men who had no clinical signs’ of testicular deficiency and had 
levels of urinary 17-ketosteroids within the normal range (an exception is 
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seen in one of two assays in case S3). This we interpret as due to lack of 
“inhibin.” 

Table 8 shows the results of gonadotropin assays in 7 of the 15 men 
with Addison’s disease. The gonadotropins were normal or low in all in- 


T.^ble 7. Urinary Gonadotropin Tithes in Normal Women 
Betmtien 19 AND 36 Years of Age* 


Mouse Umts/24 hrs. 
20 Patients 

Age (Yrs.) 

Day of C 3 -cle 

Length of Cj-cle, 
Daj-s 

13- 26* 

20 

14 

i 26 

13- 26 

21 

13 

i 32 

13- 26 

21 

28 

29 

13- 26 

22 

23 

29 

13- 26 

i 22 

27 

28 

13- 26 

23 

8 

24 

13- 26* 

25 

10 

i ? 

13- 26 i 

35 

IS 1 

28 

26- 53 1 

30 

24 

26 

26- 53 

36 

26 

27 

26- 53 

? 

16 

? 

53-105 

19 

16 

28 

53-105 

20 

17 

32 

53-105 

20 

20 

47 

53-105 

22 

14 

? 

53-105 

25 

IS 

28 

53-105 

28 

IS 

34 

53-105 

30 

12 

28 

53-105 

? 

10 

? 

53-105* 

? 

17 

?• 


Summary 


Range in M.U. j 

Patients 

13- 26 

8 

26- 53 

3 

53-105 

9 


1 20 


* All had 5 'oung children or were shown to have 
normal vaginal smears except those marked *, in 
whom smears indicated a mild ovarian deficiency. 


stances but one (case 7) , in which there was absence of one testis and oligo- 
spermia. This case shows that a high level of gonadotropins may be present 
in Addison’s disease when testis damage also exists. On the other hand, 
cases 6 and 9 indicate that the low levels of 17-ketosteroids and low andro- 
gens in Addison’s disease were not sufficient in themselves to cause an 
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Iahi.k 8. Ukinauy CIonadotuopins in IMkn with THSTitniiiAit 
FAiMfni: AND Mi:n with Addison's Disioask 



Ciistnilc 

1 I'h.niiehoid 



.Add ison 's Disf ;ase 


C!IS(! 

Hat 
Uteri no 
Weight* 
(»ig.) 

'.Mouse 

Units 

iCaso 

1 

Hat 
Uterine 
Weight * 
(rng.) 

Mouse 

Unit.s 

Case 

! Hat 
Uterine 
Weight* 
(ii'g.) 

.Mouse 

Units 

Sperm 

Count.s 

(total) 

21 

91 

10(5-212 

28 


10') + 

1 


20-.')3 

2 per HPF 

, 22 

94 

212-124 

29 


192 + 

fi 

20 


1 105 million 

24 

S9 


30 


192 + 

7 

80 

<\m 

0 

27 

Ilight 


31 


192-2SS 

8 


>(>.() 

38 million 




32 

20 

1 




71 million 



! 

33 


318+ 

9 


{>-13 on 4/12/44 




I 

1 






13-20 on 0/29/44 










2G-A3on 0/30/44 

impotent 



[ 

1 




10 


>0.0 

430 million 



1 

t 




13 


0.0-13 



* Hat DteriiM' wciglit in normal iininiectoci animals weigliinR bi'tweon 30 anti -10 Gm. = 17 to 21 

mg. 

t Friedman tost — corpora Intoa 3+. 


Tabu: 9. Ukinauy Gonadotropins and IT-Ketostekoids in 
Men with Oligospermia 


Case 

Rat Assay 
Uterine AVeight 
(lag-) 

1 

Mouse Units 

17-Ketosteroids 
mg./24 lirs. 

Sperm Count 
(HPF) 

34 

81 

480-633 

8 

occasional 

35 

82, 74 

288-384 

11, 13, 10 

occasional 

36 

64 

105-212 

11,7 

few 

37 

89, 79 

105-212 

10 

1 

38 

78 

318-424 

14 

1 

39 

89, 79, 75 

105-212 

10 

1 


elevation in gonadotropins, in definite contradistinction to the effect pro- 
duced in castration. 

Table 10 shows that urinary gonadotropins in women are not elevated in 
the presence of very low levels of 17-ketosteroids alone (case 16) but that 
when ovarian failure is superimposed, high levels of gonadotropins are 
produced. 

COMMENT 

It is interesting that in case 1 and case 8 of Addison’s disease, prostatic 
atrophy was present, indicating a lowered androgenic effect with no in- 
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crease in gonadotropin excretion. In eunuchoidism, if testicular failure is 
severe enough to produce prostatic atrophy, it would be expected to be 
severe enough to produce a distinct rise in the excretion of gonadotropins. 
It is interesting also that in Addison’s disease, when mild prostatic atrophy 
exists in the presence of normal sperm production, no increase in gonado- 
tropins has been found (case 6 ) . 

In our patients with Addison’s disease without emdence of gonadal fail- 


TaBLE 10. UbIN.AHT GoX.'^.DOTROPIXS A .' SV ) 17-KeT05TER0IDS IX 
Women with Addison’s Disease 
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2. .Tiirigcd by piwfntic size, nndrogen doficioncy is grenicr in {csticular 
failure than in Addison’s disease. 

3. 1 it res of urinary gonadol ro])ins in nornni! siibjetds are compared with 
those found in testicular failure and olip;osj)ermia and in men and women 
with Addison’s disease. 


4. Low urinary 17-ketosteroid hnads and androf!;en levels in men with 
Addison’s disease are not. a.ssociated with high t it res of urinary gonado- 
tropins. 

5. Severe oligosjiermia without signs of andi’ogen dcfi(;iencw and with 
normal 17-ketosleroids is associated with high excretion levels of gonado- 
tropins. 


6. Gonadotropin excretion is normal in Addison’s disease (despite loss of 
adrenal androgens) when gonadal function is normal, and is increa.sed 
when gonadal damage is superimposed. 

7. The data presented are interpreted to mean that wliilc androgen de- 
fjciency in men and women has little j)ower to cause pituitary hyperac- 
tivity, ovarian deficiency and testicular gametogenie deficiency do have 
such power. This is considered an additional argument in favor of the 
existence of a second t esticular hormone. 


PROTOCOL SUAtMARIES 

Addi.son’.s Dcskark (.Men) 

Cose 1. Age SS. 

Diffuse pigmentation, lilack freckles, and weakness for fifteen months. Weight loss 
23 pounds. A typical crisis had occurred previously. B.P. 114/70 during desoxycorti- 
costerone therap 3 '. Testes of normal size and consistenc}'. Prostate smaller than average. 
Excellent response to treatment for four j'ears. Died later in crisis. 

Case 2. Age 21. 

Extreme anorexia and weakness a.ssociated with diabetes mcllitus. Manj’’ black fi'eck- 
les for five months. B.P. 100/70. Water excretion test positive. Great improvement 
during desoxycorticosterone therapj'- for four years. Testes and prostate normal. Living. 

Case 3. Age 57. 

Extreme weakness for four months. Increasing pigmentation. Black moles. Weight 
loss 10 pounds. B.P. 80 systolic. Water excretion test positive. Response to cortical ex- 
tract good for two years. Testes and prostate normal. Later died with tuberculosis. 

Case J^. Age 29. 

Examined in typical adrenal crisis. Deep diffuse pigmentation. B.P. 96/54. Blood 
chloride 423 mg. per cent. X-ray examination showed pulmonary tuberculosis and ad- 
renal calcification. Response to therapy excellent for four and one-half years. Prostate 
decidedly atrophic. Testes normal. Died following acute infection. 

Case 5. Age IS. 

Extremely dark diffuse pigmentation for six years. Extreme weakness for several 
months. B.P. 72/60. Water excretion test positive. Response to treatment excellent for 
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five years. Prostate smaller than average. Testes normal. Died following one day of 
fever. 

Case 6. Age 34- 

Nausea, vomiting, and weakness for two months. Vitiligo. Black freckles. Dark 
palmar creases. B.P. 92/78. Water excretion test positive. Working regularlj- for six and 
one-half years. Prostate soft and boggj-. Testes normal. 

Case 7. Age ■54- 

Weakness, salt craving, and hiccough for four months. Generalized pigmentation and 
black freckles, especially on pressure areas. B.P. 96/68. Water excretion test positive. 
Orchidectomj' for tuberculous orchitis twelve years previously. Prostate decidedly 
atrophic. Impotence. Aspermia. Hot flashes. Following treatment with pellets of desoxy- 
corticosterone, improvement was excellent for four years. Living. 

Case S. Age 24- 

Increasing pigmentation for one year. Excessive fatigue for two months. Black freck- 
les for one month. B.P. 96/50. Daily’ fever. Pulmonary’ tuberculosis evident by’ x-ray’ 
examination. Right adrenal calcified. Prostate moderately’ atrophic. Improvement during 
therapy’ for one y’ear. Drinking bout followed by’ coma, con-v-ulsions, death. 

Case 9. Age 39. 

Increasing diffuse pigmentation of skin and buccal mucosa for six months. Dark 
freckles, weakness, hiccough and nausea. B.P. 86/62. Water e.xcretion test positive. 
Testes and prostate normal size. Response to treatment excellent for three y’ears. Au- 
topsy showed tuberculous adrenals. 

Case 10. Age dS. 

Weakness for four months. Nausea and pigmentation of skin and gums. B.P. 70 /oO. 
Spastic contraction of skeletal muscles. Testis and prostate normal size. X-ray’ examina- 
tion disclosed pulmonary’ tuberculosis. Died in crisis. 

Case 11. Age 49. 

V eakness, nausea, vomiting, and inconstant indigestion for eight y’ears. Pigmenta- 
tion of face, hands, and lips for si.x y’ears. Adrenal crisis diagnosed at Johns Hopkins 
Hospital. Urine culture positive for tuberculosis. (From notes by Dr. George W. Thorn.) 

Case 1 2. Age 43. 

Pigmentation and vitiligo for eight y’ears. Weakness and anorexia for seven years. 
Repeated crises. Improvement followed treatment with desoxy’corticosterone pellets. 
(From notes by’ Dr. George W. Thorn.) 

Case 13. Age ol. 

Incapacitating weakness, anorexia, and indigestion for two months. Loss in weight 
of 15 pounds. Black freckles. B.P. SO systolic. Water excretion test positive. Prostate 
slightly’ atrophic. Response to therapy- good. 

Addisox’s Dise.vse (Women) 

(For further notes concerning ovarian function see Table 10.) 

Case 14. Age 49. 

Increasing weakness for one and one-half y-ears. B.P. SO/60. Axillary- and pubic hair 
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very sparse. M iltier le.M positive. \\ nler excretion test positive. Trc.'itmeiit with dcsoxy- 
oortieosterono pellets, sodiiiin <'litori(le hik! eortiejil e.xfriiet was followed by marked im- 
provement. Amenorrhea for five years. Livin/i. 

Case 15, Atje S5. 

lleeiirrcnt attacks of wcaikness, muisc.a, and abdominid <listress for three years. Dif- 
fuse smoky ))i>;mentation of the skin atul dark frcekle.s. Axillary and p\d>ie hair very 
sparse. B.P. 08/(>S. Mater excretion test positive. Trealtnenf with desoxycortieostcrone 
j)cllcts was followed by flecided improvement. Associated ovarian failure. Dead. 

Case 10. A(jc SS. 

Frequent nausea and vomitiny; for one year, and dimitushinj; strength. Figmentation 
of skin over pressure area.s. Typical crisis. B.P. 0()/7o. Axillary and i)ubie hair were al- 
most less than normal. M'ater excretion test positive. Improvement great after dc.soxy- 
corticosteronc pellets and cortical extract. Xo ovarian failure. Living. 

Case 17. Age 40 . 

Increasing pigmentation of skin for three years. Wcakne.s.s for two years. Vomiting 
frequent. Axillary hair absent, pubic hair .sj)ar.<c. B.P. 100/70. "Water c.xcrction test posi- 
tive. Re.sponse to cortical extract excellent for two and one-half years. Menopause, 
Living. 

Cose IS. Age 57. 

Typical pigmentation of skin for two j'cars. I’rogressive increase in weakness, ano- 
rexia, and nausea. B.P, SO/oO. Considerable improvement during treatment with cortical 
extract. Menopause, Living. 

Case 19. Age 42. 

"Weakness, nausea, vomiting, and diarrhea for six weeks. B.P. 72/5S. Pigmentation 
of skin and buccal mucosa. Marked imj)rovement during treatment with deso.xycorti- 
costefone implants and aqueous adrenal cortical extract. 

Case 20. Age 62. 

Increasing pigmentation of skin for two 3 ’’ears. Muscular cramps for one year. Pro- 
nounced weakness for two months. B.P. 100/70. Excellent response to desox 3 morticos- 
terone and salt. Menopause. Living. 


Castrate Men 

Case 21. Age 66. 

History of bilateral orchiectomy for “testicular pain” twelve years ago. Psycho- 
neurosis severe. Physical condition good. 

Case 22. Age 52. 

Left orchiectomy for trauma six years ago. Right orchiectomy for orchitis. Hot flashes, 
nervous tension, and impotence controlled by testosterone propionate 25 mg. intramus- 
cularly three times weekly. 

Case 23. Age 51. 

Bilateral orchiectomy four years previously for carcinoma of prostate. No hot flashes, 
Np evident metastases one year after time of assays. 
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Case 2^. Age 4<?- 

Bilateral orchiectomy for tuberculous orchitis twelve years before assays. As( 
tuberculosis of urinary tract recognized one year before assa}'s. Nutrition good. N 
ness and hot flashes present. 

Case 2o. Ape 69. 

Bilateral orchiectomj'. Assa 3 ’S one 3 'ear later during apparent good general 
Impotence and hot flashes present. 

Case 26. Age 4~. 

Bilateral orchiectomy for tuberculous orchitis twelve 3 'ears before assa 3 -s. 1 
and impotence present but general health good. No hot flashes. 

Case 27. Age 64- 

History of bilateral orchiectom 3 ' for suspected testicular tumor. Nervous 
extreme. Frequent hot flashes. S 3 'mptoms relieved b 3 ' testosterone propionate. 

Euxuchoid Mex 

Case 2S. Age 4L 

iilumps at age 7. Tj'pical eunuchoidism. General appearance and sexual m, 
appro.ximatel}' normal for age 15. Testes decidedl}' atrophic. Sella turcica non 
x-ra 3 ’’ examination. Aspermia. 

Case 29. Age 19. 

No histor 3 ' of orchitis. General and sexual maturit 3 ’ arrested at approximati 
12 - 3 'ear level. Testis biops 3 " showed tubular hypoplasia, aspermia, numerous S 
cells, rare interstitial cells. 

Case SO. Age 37. 

T 3 ^pical severe eunuchoidism. Genitalia of prepuberal proportions. Prostate ati 
Aspermia. 

Case 31. Age IS. 

Appearance of moderate immaturity. Penis, testes, and prostate In'poplastic. 
mia. 

Case 32. Age 38. 

General skeletal and sexual maturit 3 ' arrested. Testes partialh' cr 3 'ptorchid anc 
tate aplastic. Aspermia. Sella turcica normal b 3 ' -x-ra}' examination. 

Case S3. Age 32. 

Eunuchoidism from testicular atroph}’ following orchidope.xwat the age of 12 . 
tate aplastic. Aspermia. 

Aspehjiia .xxd Setore Oligosperui.v 

Case 34 . Age 21. 

Large bilateral h 3 'drocele. Testes palpable and atrophic. Semen volume S.l cc 
spermatozoon. Signs suggestive of mild .androgen deficiency. 
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Cfi sc So. Age 

Mild cumichoidisin, cryptorchidism, and liypospadias. Prostate half normal size. 
Rare inactive sj)erma(ozoon in semen. Sella turcicii normal by x-ray examination. 

CoKc 30. Age 27. 

Appearance .sliglitly immatnre. Heft Kynecoma.stia. I’enis atid prostate normal size. 
lc.stes half normal size. Semen volume 2.7 cc. One sj)ermatozoon fotmd. Sella turcica 
normal by x-ray examination. 

Case 37. Age SO. 

Genital development and .sccondar\’ sex characteristic.s normal, except right testis 
slightly .small. Severe oligospermia. Sella turcica normal by .x-ray examination. 

Case SS. Age S.J. 

Mumps at age 10. No recognized orchitis. Geiiitalia and secondary sex characteristics 
normal, c.xcept left testis small, and prostate one-third norma! .size. Semen volume 1 cc. 
Azoospermia. 

Case SO. Age 27. 

General apjjcarancc suggests mild androgen deficiency. Bilateral gynecomastia. 
Bilateral atrophy of testes. A.si)crmia on repeated examination. Testis biopsy showed no 
spermatogcnic activity. Interstitial cells appeared normal. 

Wassermann and Kahn tests were negative in all patients except in case 24 , where 
there was no evidence of active syphilis. In the men with eunuchoidism and aspermia 
or oligospermia there was no history of venereal disease. 
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ANALOGIES BETWEEN URINARY 17-KETO- 
STEROIDS AND URINARY “ESTROIDS,” AS 
DETERMINED MICROCHEMICALLY* 
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M. JANE OESTERLING, Ph.D. 

From the Laboratories of Pharmacology and Toxicology, Yale University School of Medicine, 

Xew Haven, Connecticut 

S EVERAL years ago Callow and Callow (1) demonstrated that the 
microchemical determination of 17-ketosteroids could jdeld valuable 
information regarding endocrine function in man and other animals. This 
finding has since been substantiated in many other laboratories (2-6). 
Nevertheless, considerable opposition to the procedure was raised originally 
on the grounds that; (a) the urinary 17-ketosteroids constitute a mixture; 
(b) their value is considerablj’’ higher than a biologically equivalent amount 
of androsterone ; and (c) the 5 '’ vary with changes in both testicular and 
adrenal function. Similar objections can be raised with respect to urinarj^ 
components related to estradiol. 

Degradation products of estradiol in turine 

Like testosterone, estradiol is converted within the human organism 
into degradation products of lower biological potency. The best knovni of 
such degradation compounds in the female are estrone and estriol (6). 
Smith and Smith (7) have also concentrated from human urine a substance 
which tentatively they regard as a lactone. Fmdhermore, in animals even 
after oophorectomy certain estrogenic effects can be detected, especiallj’’ 
in the presence of adrenal hyperplasia (8). EUdence is accumulating that 
these effects are due to materials which resemble estradiol chemically 
(9). Under appropriate chemical conditions all of these substances, as 
isolated from urine, give color reactions similar to estradiol. In the present 
paper the term “urinary estroids” is used to signifj’’ a mixture of steroids 
which, after extraction from urine and appropriate partial pxuification, 
can be e.stimated microchemically in terms of estradiol equivalents. 
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Photometric measurements of estradiol-like compounds 

ihc quantitnlive study of urinary “esl-roids’’ has hoon delayed for lack 
of methofis sensitive enoufi;h to detiud the rel.'itively minute amounts 
present, in noni)rep;nant individiials. In pregnancy, liachman and Pettit 
(10) and Rtimmel (11) have suggested tcchnirpies which arc fairl}’’ satis- 
factory foi‘ daily excretions of approximately 1 to 3 milligrams daily. 
Unfortunately, in the absence of j)regnancy, the average daily human 
excretion is less than 100 micrograins even in licaltiiy 3 'oung women. 
Friedgood and Garst (12) liavc applied ultraviolet al).sorption for this 
piirpo.se whereas Pates and Cohen (13), Jailer (Id) and Finkelstein, 
Hestrin and Kocli (lo) have used tiuorc.sccnce. d’hc data in the present 
rc])orl are based U])on a modified Kolicr’s reaction (1(5). Ordinaril}^ the 
vermilion shade produced bj' this jihenolsvdfonic. reagent on reacting with 
estrone (or estradiol) is obscured i\v brownish jiigmcnts rc.sulting from 
other ludnary cliromogcns. In the jire.scnt investigation, therefore, most 
of these interfering pigments were removed bj^ suitable extraction a//cr 
development of the Kober coloi'. 


Simultaneous determination of 17-ketosteroids and of 
estradiol-like substances 

Periodical!}’' the problem of androgen: estrogen antagonism appears in 
the literature (17). The interest in the ratio of these hormones lies in the 
fact that in certain re.spects, e.g., in their effect upon the capon’s comb, 
their action is antagonistic or antithetical. TJie older data were based 
upon biological assa 3 ^s in which great variability of the test animals com- 
bined with great variabilit}’' among individual subjects to j’^ield widel}'' 
divergent results. Nevertheless, even under these difficult technical con- 
ditions, it was possible to show (18) that an inversion of the ratio of these 
antithetical substances occurred when men were compared with women. 
For example, the average woman excreted only half as much mixed andro- 
gen as the average man, whereas she excreted at least twice as much mixed 
estrogen. In the present report the term ‘‘antithetical ratio” will be used 
to signify the arithmetical value derived by dividing the urinary excretion 
of “estroids” (expressed in micrograms) b}’- the excretion of 17-ketosteroids 
(expressed in milligrams). This procedure suffers from all the ph 3 '^s 5 ologic 
objections of the older estrogen: androgen ratios except that more consistent 
values are obtained because the variance due to test animals is eliminated. 


METHODS 

A. For Determination of 17-Ketosteroids. The procedure for 17- 
ketosteroids was essentially that of Cahen and Salter (4) as applied by 
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Salter, Cahen and Sappington (19). This method has given results which 
closely approximate values obtained by Drs. Fuller Albright (20), Lawson 
Wilkins (21) and Ralph Dorfman (22). Identical mines from the patients 
in their studies were kindly supplied to us for the comparison. 


For example: 

mg ./24 hrs. hrs 


Urine pi 

Albright 

7.S 

Salter 

7.8 

Urine p2 

Albright 

9.0 

Salter 

9.1 

Urine p3 

Dorfman 

20.0 

Salter 

19.9 (Wilkins’ patient.) 

Urine p4 

IVilkins 

8.6 

Salter 

7.5 

Urine po 

lYilkins 

15.3 

Salter 

16.6 


In any case the procedure gives a consistent range of values in normal 
health}’’ young adults. Ordinarilj’’ the extract of 17-ketosteroids was made 
in conjunction “with the extraction of estradiol-like substances (“estroids”). 
Occasionally, however, a small aliquot sample (from 20 to 100 ml.) was 
extracted separately, as suggested by Drekter, Pearson and INIcGavack 
(23). In the latter case however, the colorimetric procedure was that of 
Cahen and Salter (4) so that aU results are strictly comparable. 

B, Schema for Extracting Urinary “Estroids.” The accompanjdng 
schema (See next page) indicates the extraction procedure followed. It is 
a combination of the procedures of Pincus (24) and Bachman and Pettit 
(10). Usually a six-hour excretion was studied, i.e., one-fourth of a mixed 
24-hour 'specimen. 

C. Microcolorimetric Determination of “Estroids” (Estradiol-like 
Chromogens). The dried “estroids” can be kept in an ice box for many 
days -ndthout perceptible deterioration. It is possible to fractionate the 
material, according to the method of Bachman and Pettit (10), in an attempt 
to identify the estrone-estradiol (OD) moiety and the estriol (T) fraction. 
In our experience, however, this method has not operated successfully 
for the small amounts under consideration. 

For the final step of the analysis, the dried “estroids” are dissolved in 
pure di-ethyl ether. Each sample is then transferred to a test tube (150 X 15 
mm.) and evaporated to drjmess. 

Reagents: 

1. Phcnolsulfonic acid (Kober’s reagent). }Ielt the phenol (reagent grade) by placing 
in a water bath at 60°C, and measure 100 ml. into a previously warmed graduate. 
Measure 156 ml. of concentrated sulfuric acid into a beaker set in an ice bath, 
and slowly add the melted phenol, stirring constantly. Add 12S ml. of water slowly 
while stirring. Heat will be evolved and the reagent will deepen in color unle.=s 
it is kept cold during the mixing procedure. 
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Washings 

discarded. 


Urine .'^.•iiiiple livdrolvzcal hv hoilidj^ 7 min. 
with 1/10 vol, conV. IICI 


fdliyl ether, 1/S voh, S times. 


Ktlier extract of hydrolyzed urine 

I Washed with 1/11) vol. NallGO.! (sat.) once. 


Ether extract 


ICxtractcd with 1/10 vol. 15% KOII 3 times 


KOH extract, contains I 
total phenols and estrogens j" 


Acidified to pH 2.0; 
cooled and extracted -1 
times with 1/3 vol. ether. 


Ether extract 


Washed with NaliCOa (sat.), 
1/10 vol., once. Then with 
H3O, 1/20 vol., once. 
Evaporated to dryness. 


Neutral ether extr.act 
17-ketosteroids 


^\'ashed with 
1/10 vol. 11:0. 


Washings added 
to KOH extract. 


Neutral 
ether extract 


Dried ether extract 


Evaporate 
to dryness. 

1 7-ketosteroicls. 


uene 


Dissolved in to 
with 0.5 ml. ethjd alcohol 


in four 15-m 


Toluene solution 


portions. 


Washed with 10 ml. dil. H2SO.1 once 
and with lEO, 20 ml., twice. 


Washings 

discarded. 


Toluene solution 


Extracted 4 times with 15 ml. N NaOH 
and once with 30 ml. H2O. 


NaOH extract 


Acidified with cone. HCl, S ml. to 100 ml. extract. 
Extracted 4 times with 1/3 vol. ether. 


Combined ether extracts 


Washed with 5 vol. % sat. NaHCO; followed 
by 1 rml. % H2O. Evaporate to dryness. 


Total estrogens. 
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2. Dilute sulfuric acid. Add 3 parts by volume of cone, sulfuric acid (C.P., analytical 
reagent) to 7 parts of water. 

3. Chloroform-ethyl acetate mixture. Add 2 parts by volume of chloroform (analytical 
reagent) to ] part of ethyl acetate (C.P., absolute). 

4. Chloroform-caprylic alcohol mixture, ilix 25 parts bj' volume of chloroform (ana- 
lytical reagent) with S parts of n-capry alcohol (C.P., Fisher Scientific Company). 

5. Petroleum ether (anah'tical reagent). 

Standards: 

Estrone, 1 microgram per ml. in 95 per cent alcohol. 

Estriol, 1 microgram per ml. in 95 per cent alcohol. 

Color Reactions for Determinations of “Estroids" 

The following directions indicate the method of developing the color: 

1. Into a convenient number, e.g., 12, of clean and dry test tubes (15X100 mm.) place 

a. The reagent blank 

b. Pure estriol (T) standard 

c. Pure estrone (OD) standard 

d. e, f, etc. Unknown samples 

2. Dry the tubes in a vacuum desiccator for one hour before the experiment starts, 
(lleanwhile heat up a bath containing N-butjd phthalate to 130°C. and start the 
motor stirrer therein. Prepare an ice bath.) 

3. After dr3-ing the tubes for an hour in the desiccator, remove them and add Kober’s 
reagent as follows; 

a. e.g., if the aliquot of urine is 25 per cent to 35 per cent of a 24-hour e.vcretion, use 
1.5 ml. of Kober’s reagent and 6 ml. H:S04. Add onlj- Kober s now, H:S04 later, 
in step 7. 

b. e.g., if the aliquot of urine is 35 per cent to 50 per cent of a daj'’s e.xcretion, use 
3 ml. of Kober’s reagent and 12 ml. H:S04. 

c. e.g., if the aliquot is less than in “a.”, use 0.75 ml. of Kober's reagent and 3 ml. 
H=S04. 

Alwaj’s maintain Kober’s reagent in proper proportion to H^SOi. 

4. Heat the tubes at 130‘’C. for 20 minutes exactly. To this end, place the tubes in 
the bath in series, one every 15 seconds. Agitate the contents of each tube for ten 
seconds. Remove the series of tubes from the bath in the same order every 15 
seconds and stir each tube for ten seconds thereafter, 

5. Leave all tubes of the series in ice at least 5 minutes and take all tubes out of the 
ice together. 

6. Allow all tubes to warm to room temperature. 

7 . Add H2S04 to each tube as specified in step no. 3 above and stir well. 

S. From the large tubes pour approximatelj- 3 ml. of each colored mLxture into round 
bottomed test tubes. 

9. To each small tube add 1,5 ml. of the ethjd acetate-chloroform mixture. Shake 
each tube and remove the top laj’er (containing a dirtj" precipitate) with a suction 
pipette. 

10. Add 0.5 ml, of petroleum ether. Shake the contents of each tube and remove the 
dirtj’ supernatant liquor. !Most of the dirt comes off at this stage; therefore, draw 
off as cleanh' as possible. 
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11. Add l.f) ml. of tlu', (■:i|)ryl :dcoliol-(ddon)form mi\(\irc, sliak(!, and draw off tlic top 
layer. This roaKcnt slKiiild he fjrepared just before usin,!;. It eonfains 8 ml. capryl 
alcohol and 2*) ml. of chloroform, 

12. Add 0..') ml. of petroleum ether and .sluike. This timr Ihr suprrnnUinl loner is not 
(Ira It'll off. 

13. Ijot e.ach sample stand for one hour at room tempt.-nit ure. Then remove petroleum 
ether witli a suction pi pet to and tratisfer to .a sm.all coIr>riinet(!r tube. At least 2 ml. 
total volume is recpiirefl in each tube for colorimetric rcadinps. 

Coloriinctri/: 

The method of colorimetry involve.s a green filter (Nf>. olO) and a blue filter 
(No. 420) as suggested by iStimmel (11). The readings are conveniently converted 
into corrcsjionding concentrations by the use of a nomogram, pictured in Figure 1. 
Each investigator should i)rej)are his own nomogram, iising known standards, as 
reported by Oestcrling and Salter (2.">). 


Fig. 
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1. A nomogram relating photoelectric colorimeter readings to 
the estrone present. 


D. Representative Values for Normal Males. In addition to the normal 
excretions reported previously from this laboratory (4, 19, 26), in the 
course of the present investigation data were obtained from normal male 
students and members of the University staff. These are summarized in 
Table 1. The average daily 17-ketosteroid excretion from 24 young males 
was 19,8 + 3.5 milligrams. The average daily '‘estroid” excretion from 
19 young males was 16.7 + 9.4 micrograms. The antithetical E/A ratio 
for 16- young males averaged 0.86 + 0.49. 

E. Representative Values for Normal Females. In the healthy mature 
female (nonpregnant) the problem of citing normal values is complicated 
by the dimension of time. The 17-ketosteroid excretion remains remark- 
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Table 1. Ukixabt Daily Excretion of 17-Ketosteroids and “Estroids” in Normal 
A'oung Adult IMales, as Determined jMicrochemicallt 


Patient 

Age 

Yrs. 

Height 

Weight 

17-Ketosteroids 

(h3’drol3'zed) 

milligrams 

Total 

“Estroids” 

(h3'drol3-zed) 

micrograms 

E/A Ratio 

Second Decade 


ft. ins. 

lbs. 




1. ]\rr. 

19 

5 91 

155 

13.1 

0 

- 

0.18* 

Third Decade 







1. Hn. 

30 

5 lU 

190 

13.4 

7 

0.49 

2. Go. 

26 

5 11 

160 

15.7 

8 

0.51 

3. Lw. 

22 

5 7 

135 

15.9 



4. Os. 

22 

5 101 

155 

16.2 

8 

0.48 

5. Rg. 

21 

5 s 

145 

16.4 



6. Be. 

23 

5 11 

165 

17.0 



7. Cm. 

21 

6 2 

155 

17.9 

23 

1.28 

S. Br. 

22 

CO 

154 

18.5 

29 

1 .55 

9. Eg. 

21 

5 9§ 

165 

IS. 6 

26 

1.40 

10. Sh. 

23 

5 8 

155 

IS.S 

12 

0.64 

11. Jn. 

21 

5 9i 

140 

IS.S 

17 

0.90 

12. Bs. 

22 

6 24 

190 

18.9 

18 

0.96 

13. Bt. 

25 

5 84 

151 

18.9 

37 

1 .95 

14. Tt. 

26 

5 84 

150 


6 

0.31 

15. Bn. 

23 

6 3 

180 

19.9 



16. Rl. 

22 

6 

165 

20.0 



17. Rn. 

20 

5 10 

155 

20.2 



18. Js. 

20 

5 11 

150 

22.0 

11 

0.48 

19. Sn. 

22 

5 9 

133 

21.4^-^ 

27 

l.is 

20. Nm. 

21 

5 10 

155 

22.8 

18 

0.81 

21. Le. 

26 

5 10 

157 

25.0 

’ 8 

0.31 

22. Gr. 

22 

6 1 

170 

25.1 



23. Pr. 

21 

6 

148 

26.2 

12 

0.47 

24. Ce. 

23 

5 Ilf 

150 

27.1 







Av. 19 -S +3 .5 

Av. 16.7+9.4 

Av. 0.86+0.49 

Fourlh Decade 







1. Tr. 

35 

5 7 

150 

13.8 

12 

0.88 

2. IMcC. 

31 

6 34 

190 

16.6 

17 

1.00 


* In the calculation of E/A ratios presented in this report, the arithmetic has been 
performed before the last significant figure of each experimental value has been rounded 
off. This procedure, which may give the impression of faulty arithmetic, is preferable 
because it avoids incorporating into the results the slight error of smoothing the last 
significant figure.” 
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ably constant, thronghont- the menstrual c.ycle, but the “cstroid” ex- 
cretion varies with ovarian follicular activity. In J'igurc 2 are presented 
the findings for both 1 /-ketosteroids and “cstroids’’ in a normal woman 
2G years old. 


CO ^ 1 PA It A'l’I V IC It lOSU ];i\S 

Because the microehcmical determination of estrogen-like substances in 
the urine is now becoming feasible, ccrOiin analogies between these 



DAYS 

Fig. 2. A^ariation in urinaiy ‘‘estroids,” as determined microchomicalb’-, 
throughout the menstrual C 3 mle of a normal woman, aged 26. 

“estroids” and the 17-ketosteroids should be noted at this time, in the 
hope that useless controversy and futile experimentation may be avoided. 
It is the purpose of this report to point out five analogies between the re- 
spective microchemical estimations of 17-ketosteroids and “estroids.” 

I. The effect of age. It is now clearly established that even in reason- 
able health, the 17-ketosteroid excretion of mature men declines with 
advancing years. Representative reports on this point are those of Moore 
(27) and Hamilton (28). In Figure 3 are illustrated data from the author’s 
laboratory combined with those of Hamilton. In contrast to this trend, 
the urinary “estroids” tend to increase slightly with age. This second 
trend is illustrated in Figure 4, in which simultaneous determinations of 
urinary 17-ketosteroids and “estroids” are pictured for several age groups. 
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Consequently there is a numerical increase in the antithetical E/A ratio in 
later life. It might be argued, of course, that this altered ratio is an indica- 
tion of endocrinological degeneration and therefore is pathological. It seems 
more practical, however, to establish “normal” standard values for each 
age group. 


20 1~ 


o ^ 

H O 
H ^ 
za ^ 
O 
H 

W O 


10 



n-KETOSTEROlhS IK PROSTATIC 
CARCINOMA Ant> tWPEPJROPHV 


15.3 



10.7 


10.20 


7.6 

Hormols O © 

Proslotic Co. • 5.9 

Proslatic Hyp. ■ 

Oiher Poftienls A , 

I I I 1 1 


4.^ 


3.4 

"O 


J 


19-24 25-35 30-40 40-50 50-60 60-70 70-80 80-90 
AGE GROUPS 

Fig. 3. Effect of age on the dailj- urinary excretion of 1 7-ketosteroids in men. 


bUr- 




ESTRDGEn-AHURDGm RATIOS Hi PROSTATIC CARCIUOMA 
ARP IH DliSELECTEP MALE PATIENTS OF EQUIVALENT 
AGE GROUPS 





GROUP 
AGE 

17-KETO. 

E5TRO. 


Ronnals Normals Pcdicnls PaJieifls Proslalic Ca lYoslHgp 

19-24 25-35 40-50 50-62 Pre.andPost. Hyper. 

Siilbeslrol 

20.2±1.7 15.3 + 13 11,6+5.7 10.9±8.2 7.0 ±2.5 5.1+1.8 7.6 ±14' 
21 12 32 36 34 41 48 


Fig. 4. Parallel determinations of urinary 1 7-ketosteroids and 
“estroids” for several age groups. 


Women in the reproductive age groups present the further complication 
of the cyclic swing in “estroid” excretion, alread}’ illustrated in Figure 2. 
Near the menstrual period some normal women present ab.solute values 
both for 1 7-ketosteroids and for “estroids” rather similar to the extremes 
of normal men. Even at this time, however, the antithetical E/A ratio 
usually remains higher in the female than the arbitrary- “upper limit of 
normality” for males of the same age. A further complication which re- 







quires study is (lie orif^iu of ‘’esiroids” found iii (In; castrated or post- 
mcnojiausal female — possibly the result of adrenocortical activity. 

11. The influence of medication with sex hormones. Of sjiecial interest 
is the eflect of stilhestrol and its derivatives on (he urin.ary "estroids.” It 
has been demonstrated repeatedly (20 -.SI ) that lar^e doses of stilhestrol 
will I’csult in a perceptible ui'inary excretion of (his dnif; or its esters. Ac- 
cordingly, after administration of stilhestrol, bioassay of the urine will 
demonstrate increased estrogenic activity. Pure stilhestrol, however, does 
not react appreciably with the Kober reagent (Ih), so that its presence in 
urine is not recorded microchomically unle.ss a siiecific analytical procedure 
(32) is introduced for this inirjiose. Figure .o indicates that the dailj' ad- 
ministration of stilhestrol in doses of from a to 20 mg. had no significant 
effect upon the so-called endogenous “estroid” e.vcretion. Nevertheless, 
the administi-ation of (his medication in large doses maj' alter the anti- 
thetical ratio by lowering 1 7-kc(os(eroid c.xcretion, as shown in Figure 5. 


§ 160 r- 

P«5 
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EFFECT OF STILBE5TI^OL Ofl 17-KETOSTEROIDS 
m FEMALE PSEUhOHERMAPHROLilTE 

1 Stilbeslrol 


ilOmcf.per daq 


17'KETO. 

ESTROGEM 


□ 



1 Bn till 


2-12 2-20 2-22 2-23 2-24 2-25 2-29 3*1 3-2 3-3 3-4 3-16 Mormol 
DATES OF TESTS 9 45 

Fig. 5. Effect of stilhestrol medication upon urinar}’^ 17-ketosteroids and “estroids,” as 
estimated microchemically, in a female patient aged 42, ivitli adrenal virilism. 


The female patient illustrated by the figure (age 42) suffered from gen- 
eralized hirsutism and an enlarged clitoris, but no adrenal tumor. The 
internal genitalia were those of the female but the ovaries contained only 
sparse follicles. As shown in Figure 5, the continuous administration of 
large doses of stilhestrol caused a definite lowering of the 17-ketosteroid 
excretion, and thus an increase in the antithetical ratio. The urinary 
'"estroids,” however, failed to change significantly. One is reminded of the 
fact that the administration of methyltestosterone does not increase 
urinary 17-ketosteroids. Indeed, parenthetically, a slight fall (33) has been 

reported. 
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The effect of medication wnth testosterone, however, is readilj^ detected 
in a rise of 17-ketosteroid excretion in appropriate cases. For example, a 
21-year-old eunuchoid man showed a 17-ketosteroid excretion of only 7.5 
mg. per 24 hours. With 150 mg. of testosterone propionate weekly injected 
intramuscularlj^, his excretion rose to 17 mg. dailj’’. On the other hand, a 
40-year-old woman, two j-ears after oophorectomy for mammary cancer 
with metastases, excreted only 4 mg. of 17-ketosteroids daily; and after 


T.^ble 2. Rel.\tioxshtp between AIicrochemical Determination 
OF “Estroids” and Biological Status 


Patient 

Age 

Yrs. 

“Estroids’ ’(E) 
micrograms 

1 /24 lirs. 

17-Keto- 
steroids (A) 
mg./24 hrs. 

Ratio 

E-i-A 

Pseudohermaphrodite 


1 



B 

5 

129 

21 

6.1 

Simple familial hirsutism 





C.M. 

27 

30 

S.5 

3.0 

A.C. 

28 

IS 

8.3 

2.2 

H.J. 

43 

94 

7.4 

13.0 

1 

Adrenal hyperplasia 




1 

I 

M.F. 

17 

29 

63 

i 0.5 

S.A.B. 

25 

39 

48 

0.8 

E.B. 

41 

29 

99 

! 0.3 

1 


300 mg. of testosterone propionate weeklj’^, her urinary level rose onl}^ to 
6 mg. 'V^Tlat did the cancerous patient do to the large amount of tes- 
tosterone? 

III. Adrenal contribution. That the adrenal cortex contributes to 
urinarj^ 17-ketosteroid excretion is well recognized (34). Although estro- 
gens have been isolated from adrenocortical tissue (8, 9), it is less well 
known that such estrogen-like substances may contribute to the urinar 3 ' 
“estroids.” As indicated in Table 2, however, in a case of true pseudoherma- 
phroditism (kindly referred b}’’ Dr. Lawson Wilkins) a remarkabl 3 ' high 
microchemical value for “estroids” was observed. This precocious child of 
five jnars e.xhibited a urogenital sinus, but no tumor. The abnormal urinar\' 
chromogen indicated the presence of a substance with the chemical solu- 
bilities of estriol bj' the procedure of Bachman and Pettit (10) and a low 
biological estrogenic actmtj-. In the table, the data for this j'oungster are 
contrasted with values for older females of two clinical t\'pes, i.e., simple 
hirsutism and adrenal hj'perplasia (or metaplasia). The data suggest that 
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C(M-l;\in clinical syndromes involving hirsutism 
antithetical E/A ratios. 


manifest 


cliaract eristic 


Nevert hcless, in certain syndronu's involving tiu' adi’cna! cortex both 
the “cstroids” and tlu' 17-k(‘tost('roids nniy he ele\'.'ited. If i)f)th are ele- 
vated to the same degna’, tlu; antithetie.al ratio ma}' l)e normal. 

IV. Metabolic degradation products. .Among many f)thers, Moore (27) 
pointed out that the discrepancy Ix'tween hioass.ay for urinary .androgens 
and the microchemical value for 17-ketosteroids was due to the low andro- 
genic activity of tlie sever.al end-products of testosterone! metaholisni, in- 


cluding their congeners of adrenal origin. .According to (hdlaghcr’s scheme 
(G), testosterone is degraded to androsli'rone. which exhibits only one- 
third to one-tenth of tlie l)iological pot(*ncy of the precursor. Testosterone 
also yields etiocholanolone (tr.ans, alpha) .and isoandrosterono, tlic biologi- 
cal potencies of wliich lie between 1 per cetit and .a per cent of the original 
testosterone. Equally impotent is dehydroisoandrostcronc. ])rcsuinably of 
adrenocortical origin. When a mixture of these substances (as extracted 
from urine) is a.ssaycd biologically, the .androsterone molecules are weighted 
more lieavily than the etiocholanolone, because the latter has lost most of 
its potenc3\ Nevertheless, it might well be argued that the inactive mole- 
cules arc more imjjortant because they represent androgenic material 
which has played its part in bodily metabolism. Indeed a long controversy 
has been waged over the question whethoj’ it is more significant to count 
“live bullets’’ or “di.schargcd cartridge .shells,” to quote a widely used 
analogJ^ At least the chemical determination of 17-kctosteroids (4) weights 
all fractions equally, molecule for molecule, without regard to their final 
loss of potency. 

Much the same problem presents itself for the urinary “estroids” be- 
cause, as in the case of the androgens, the urinar}'^ extracts jdeld a mixture 
of partially or completely inactivated hormones. As in the case of the ur- 
inary “androgens” also, these metabolic products exhibit a wide range of 
potencies. In fact, the relative activities of estradiol, estrone and estriol 
may be regarded as approximately 10:3:1. These values vaiy widely, 
however, according to the biological procedures emplo 3 '’ed. Moreover, the 
biological behavior of known mixtures cannot ahvays be predicted from 
the established activities of the individual constituents of such mixtures. 
A further complication is presented by the potential estrogen described 
tentatively by Smith and Smith (7) as a lactone. This substance is activated 
biologically by treatment with zinc and hydrochloric acid. It is interesting 
that the same treatment increases the microchemical values for urinary 
“estroids” from twofold to fourfold! 

•The use of the zinc reduction has two advantages: a) it increases the 
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total chromogen, thus making for more accurate readings; and b) it sal- 
vages certain urines vdiich would be hopelessly contaminated with mel- 
anin-hke pigment. For example, from 6-hour aliquots of a certain urine the 
following approximate relative amounts of interfering pigment (expressed 
in color-units) were derived: after simple hydrolysis and extraction, 
2000-1- ; after zinc reduction, 1054; after zinc reduction plus clean-up, 26S. 
Inasmuch as the workable range of background is approximately 100 to 
400, it is clear that by the use of zinc a result was obtained which otherwise 
would have been lost. 

The advantage of Kober’s reagent is that it registers the three urinary • 
estrogens, molecule for molecule, without reflecting any loss of biological 


Table 3. Color Developed by Pure Estrogens* (at 130°C.) 


Time in ^ilinutes 

Estrone { 

1 

Estradiol ! 

i 

Estriol 

6 

t 

19 

23 1 

0, 0, 3 

6.0 

21,5, 23 

22,22.0 i 


7 


23 j 


9 

29.5, 31.5 

25 

7 

9.5 

33 

1 26 


10 



14, 14 

10.5 

; ■ 31.5,32 

1 25, 27 

[ 12.5 

11 ! 

32 

i 27 

; IS, IS 

13 

33,33 

25, 25 

i 21 

15 

34 

26 

! 26.26 

17 

34, 33 

23. 26 

25 

19 



37 

20 

30.5 


35. 42, 42 

25 



40 

30 



44 


* Color units developed b 3 ' 25 micrograms of estrogen reacting in 4 ml. of Kober’s 
reagent mixture. 


potency. This fact was pointed out by Yenning (35). In the present inves- 
tigation, however, it was learned that the time of heating must be regu- 
lated carefully lest the estriol fraction develop a disproportionate degree of 
color. This fact is illustrated in Table 3. It will be observed that in about 20 
minutes at 130°C. estradiol and estrone reach maximum color, which is 
slightly less for estradiol. The color for estriol, however, continues to deepen 
with time. In the procedure used in this study as little as 2 micrograms of 
estrone can be detected by the naked eye if interfering chromogens are 
eliminated. 

An example may be cited. In pooled urines from U. S. Army personnel, 
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Taiu.i; -1. Dvku-ai.i. HKcnvr.itv f)i‘ (’hvstai.mni; IOstuovi: Anttr.oro Uui.vt; 
((i-Il(H‘U Al.JtJfoTs) ANI> IIyI)IU)I,YZ 1 :I) at IOO'’ 


I'Ntroiio Added 
juierngnuns 

I'lstrDiie Herovered 
tuierognuu'; 

1 

I 

j Per Cent lleeovcry 

i) 

T) 

i 90 

fj 

•1 

1 SO 

r> 

3 

; GO 

o 

O 

i 40 

n 

o 

1 40 

T) 

o 

1 40 • 

Av. 5S 

10 

s 

SO 

10 

s 

1 75 

10 

K 

i 

10 

s 

! 75 

10 

G 

1 GO 

10 

0 

GO 

10 

0 

00 

10 

4 

40 

10 

4 

40 

10 

3 

30 

10 

2 

20 

10 

2 

20 

10 

0 

0 

Av. 49 

20 

17 

. S5 

20 

12 

57 

20 

10 

47 

20 

9 

45 

20 

9 

45 

20 

9 

45 

20 

9 

42 

20 

S 

40 

20 

5 

25 

20 

5 

22 

20 

5 

25 

Av. 44 

•30 

16 

50 

50 

21 

42 

Av. 46 


49% 


Grand Average 
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the authors found a dailj’- excretion of "estroids” corresponding chemicallj' 
to approximate!}’’ 11 micrograms of estradiol. By a modified Thayer-Doisey 
(36) bioassay procedure, however, the result was only 3 micrograms. Alore- 
over, in gjmecomastia based on malnutrition (26) the authors found even 
lower values by both methods; but the antithetical E/A ratio was normal. 
In gjmecomastia, it seemed important to exclude the possibility that large 
amounts of highly inactivated estrogen were present in the imine. Therefore 
the microchemical procedime seemed particularly important in this latter 
instance, because it revealed a low “estroid” excretion in the presence of 
abnormal mammar}’’ hjTDerplasia. 

V. Technical problems in methodology. 

17-KETOSTEROIDS : In the microchemical determination of the uiinar}’- 
17-ketosteroids, two major technical diflBculties plague the investigator. 
These are: 

a. the quantitative recovery of the 17-ketosteroids in a partially pmd- 
fied state; and 

h. the ehmination of extraneous pigments or interfering “background” 
during the final colorimetric procedm-e. 

In the case of the 17-ketosteroids one ■nddely used chemical method (20) 
is based on an optical correction for “background,” whereas another meth- 
od (4) involves the removal bj^ extraction of the extraneous pigments. Both 


Table 5. Recoa"eky of Ckystallixe Estboxe feo.m Cleax-ep Procedure 


Estrone Added 
micrograms 

Estrone Recovered 
micrograms 

Per Cent Recover^’ 

10 

12 

120 

10 

10 

100 

10 

s 

so 

10 

7.5 

75 

10 

3.5 

35 

15 

5.0 

33 

20 

24 

120 

20 

13 

65 

20 

S 

40 

30 

3S 

126 

30 

30 

100 

Grand Average 
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of these olistncles nre ))resen( in the nucrocheniie;il <lo(ermiii:i(ioii of urinaiy 
“estroids,” and l)oth devicc^s have l)e(*n »is(?d to reduce the interfering pig- 
ments. 

“ESTROn^S a. Qiiniilihihrrrxlrnctidii.W'iih respect to the recovery of 
urinary '‘estroids," tin' prohlein is e.ss(‘ntially the sanu* as in hioassay. In 
both procedures it is iie('essary to liydrolyze tin; conjugaterl estrogens and 
to sc])ai'atc tliem from a large ma.ss of undesirable m.ateria!. Under routine 
laboratory ciia'umstances the recovc'ry of .added estrogen (i.o., a female 
complement introduced into male urine) may approximate 50 per cent. 
In Table 4 are given a series of recoveries from male urine "spiked" with 



Fig. 6. Comparison of observed .and theoretical values obtained by 
means of the nomogram siiown in Figure 1. 


Imowii amounts of estrone. It should be noted that the over-all recovery of 
approximately 50 per cent can be broken down according to the individual 
stages of the procedure as follows: 

1) . Initial hj'-drolysis and extraction, separation and concentration of "es- 
troids,” 39 per cent loss. 

2) . Clean-up procedure to remove interfering brown pigment, 11 per 
cent loss. This loss is shown in Table 5. 

3) . Final colorimetry, 0±3 per cent loss. 

To those scientists who refuse to think in terms of a sliding scale when 
dealing with microanalysis this poor recovery will seem discouraging. It 
is clear at present that only relative values can be determined for urinary 
"estroids,” whether bioassay or a microchemical procedure is used. Never- 
theless, as a practical aid in improving extraction procedures, the colori- 
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metric estimation has distinct advantages over bioassay, in both accuracy 
and the amount of labor involved. The accuracy of the final colorimetric 
procedure is illustrated in Figure 6. 

h. Elimination of interfering pigments. The amount of interfering back- 
ground pigment varies -widely from daj'- to day in the same human subject. 
Indeed, an occasional urine specimen is encountered which is hopelessly 
"contaminated” with undesirable background pigment, and must there- 
fore be discarded. Possibly a rigid control of diet and medication might 
reduce this unwanted chromogen to low values. The extraction procedure 
based on differential polarity removes much black tar and often over 90 



RELATIVE LIGHT ABSORPTlOIi AT 520 Myx 

Fig. 7. The relation of extraneous "background” pigment to the photoelectric estima- 
tion of estrone. Each line represents a certain concentration of “background” as meas- 
ured through a blue filter (iNo. 420). 

per cent of the dark interfering pigment. Even under the most favorable 
circumstances, however, it has not been possible to extract completely the 
brownish color without a serious loss of the true vermilion of the estradiol- 
like chromogens. 

Therefore, after the bulk of this material is gone, an optical correction is 
requisite, as shown in Figure 7. This correction may be applied algebrai- 
cally at considerable cost of time and labor. It is more conveniently incor- 
porated in a nomogram, such as that shown in Figure 1. This chart is based 
upon the tacit assumption that the composition of the undesirable pigment 
is invariable. As in the case of 17-ketostcroids, this assumption is not 
strictly true. Indeed, the method of Cahen and Salter (4) for 17-ketosler- 
oids was developed in order to side-step this difficulty. In the case of the 
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^‘cstroids, howovov, the !issuni})lion iniisi ho hwcMl nl prosojii. Allhough 
(loublloss introduces some vnriuliility into llie dnlji, llnu’e is no evideir 
from rceove.ry experiiiKmls thni nvi'rage figures ;ir(‘, nlh'rod n])pre(:iably 1 
the oplieal eorretdion. In short, until the re{!Overi{!s of estroids from eriu 
urine are mu(‘h better than at present, tln^ present optical technique 
adequate (although unsatisfactory). 

Of course if a sensitive spectropludometer is available, more accura 
results can be obtained and the nomogram (am be disjicnsed with. The al 
sori)tion curve of the “backgrouml pignumt” will vary somewliat with tl 
extraction and clean-u]) procedures used. .\ suilal)le study of its optic 
behavior, however, will reveal a wave band which will accentuate tl 
dilTerence between the brown and the vermilion colors (e.g,, at approx 
matcl^' 520 mg). .As suggested by Stevenson and Alarrian (37), tl 
vermilion pigment can be destroyed by heating and the residual backgrouii 
read afterwards. .•Mternatively, readings may be made al t wo wave lengtl 
(e.g., 430 and 520 mg, after prcci.se determination under the individui 
circumstances), and the concentration of vermilion pigment ma}' then 1: 
estimated by algebraic calculation or with the aid of a nomogram. 


SU.MMARY 

The microchemical determination of urinary “estroids” bears man 
analogies to the determination of 17-ketosteroids. Each procedure raise 
.similar questions, both phy.siological and technical. A tentative micrc 
chemical procedure for urinaiy “estroids” has been mentioned and it 
application in selected clinical instances has been described. It is empho 
sized that at the present time onlj'^ relative significance can be expected c 
the values so obtained. Many obstacles militate against absolute accurac; 
for “estroid” excretion, but similar obstacles exist for the estimation o 
17-ketosteroids. 
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ALKALINE PHOSPHATASE AND GLYCOCxEN IN 
HUMAN ENDOAIETRIUM 


J. P. ARZAC, IM.D. AND E. BLANCHET, Ph.D. 

Lahoralory of Endocrine Gynecology of Hospital Espanol, Mexico, D, F . 

B ecause of the morphogenetic properties of the sex hormones^ the 
' histologic study of accessible sex organs has been demonstrated to 
be very useful in the evaluation of genital functions. However, we believe 
that the histochemical study of such organs and tissues promises a better 
understanding of the man}^ problems involved. 

So far as we know, glj^cogen and lipids are the onlj^ substances which 
have been sj’’stematicall 3 " investigated bj' means of histochemical reactions 
during the human endometrial cj’-cle. Except for the excellent work by Wis- 
locki and Dempsej' (1) on the mucosa of the pregnant uterus, phospha- 
tases have not been studied in the human endometrium. It can be stated 
that, to date, onty observations on the location of phosphatase have ap- 
peared in the literature, such as the report of Kabat and Furth (2), who 
demonstrated the absence of phosphatase in the mimmetrium and its pres- 
ence in small amounts in the epithelia. The relation between this enzjone 
and estrogen action in mouse endometrium has been shown bj^ Atkinson 
and Elftman (3) and mentioned bj’’ Gomori (4, 5). 

The purpose of this paper is to report our findings on this subject and 
to indicate some problems that arise from the possible relationship be- 
tween alkaline phosphatase and gKcogen. It is well known that a mecha- 
nism of phosphorjdation catalj^zed bj"- phosphatases exists in the metabolism 
of glucides and lipids (Dempsej^ and Wislocki (6)), which in all probabilitj^ 
plaj'-s an important role in the nidation of the ovum and the endocrine 
functions related to the endometrium. 

METHODS 

The endometrial specimens obtained b}"- biopsj' were immediatel 3 " 
fixed in 96 per cent alcohol and often refixed in alcohol-formol-picric mix- 
tures (unpublished data). For the stud 3 ’^ of glycogen, this method of 
fixation has proved to be ver 3 ’- helpful when carmine d 3 ’es are used. 

Carmine, the leuco-fuchsin reaction for aldeb 3 'des, and the silver meth- 
ods deHsed b 3 ^ Mitchell and Wislocki (7), Gomori (S), and one of us (9), 
have been used for the demonstration of gL'cogen. Digestion in saliva and 
adequate pretreatments were empIo 3 'ed in order to rule out other sub- 
stances.‘_Because of the advantages of the silver procedures, these have 
beenUavored in the present investigation. 

For the_demonstration of alkaline phosphatase, Gomori's technic (4) 
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as modified ])y Waeh.siciii (10) has been followed. Some .slight variants 
however have been introduced in certain cases; as for examine, shortening 
of the incubation period under higher temperatures. Some functional 
differences could be showii bj' this means, such as (he frequent presence of 
the enzyme in the stroma, near Ihc glands and capillaries, and its presence 
in extensive cytoplasmic zones that otherwise would haA’c been ignored. 
Hematoxylin-eo.sin was used for the "control” slides. Count erstaining of 
glycogen and phosphatase reactions was genei-ally omitted. Most of the 
time, both glj^cogen and ])hoi3phata.sc reactions wei-e done on each speci- 
men. 

RESULTS 

Four categories (two of them subdi^^ded in 3 groups each), as judged by 
the morphological patterns and the clinical data available, have been 
composed from 73 .specimens studied. The follom'ng key was used for the 
interpretation of the reactions obtained. 

Alkaliric Phosphaldsc 

0 Ncs.ativc reaction 

+ Positive reaction in capillaries only 

+ -f Positive reaction in nucleoli also 

+ + + Positive reaction in nuclei 

+ -f + -f Positive reaction in cytoplasm 

Glycogen 

0 Negative reaction 

-f Very small granules 

+ + Coarse granules 

+ -j- + Small masses 

+ + -f- 4- Large amounts 

Although arbitrary and relative, the above scale made possible a quanti- 
tative estimation of the histochemical reactions obtained. This is shown in 
Table 1 for 68 specimens. Three specimens of decidua and two showing 
endometrial tuberculosis were also studied. 

Since most of the samples came from gynecological patients, abnormal- 
ities prevailed in the whole group. Moreover, a certain selection was made 
in order to secure several morphological types. A brief description of our 
findings follows: 

A. The distribution of alkaline phosphatase 

During the estrogenic phase epithelia and capillaries are rich in phosphatases and this 
seems to increase in proportion to the estrogen stimulus (see Table 1). Gland colls and 
epithelial surface cells show the enzyme in all their structure, both nuclei and cytoplasm 
(Fig. 1). As the cycle advances, particularly from the midcycle on, the cjdoplasm and 
the nuclei show a less intense reaction. Thus during the transitional phase, although the 
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enzyme is still abundant, especially in the epithelial surface, subnuclear vacuoles appear. 
The nuclei give a positive reaction mainly in the nucleoli and very often just the apical 
portion of the C 3 "toplasm shows an intense reaction. This is also shown bj' secretion in 
the gland lumen. The epithelial surface remains unchanged for a longer period of time. 
During the progestational phase only secretions, capillaries and sometimes nucleoli 
produce a positive reaction (Fig. 2) ; still later, near menstruation, only the capillaries. 
Practicallj’ no reaction is present during menstruation although some variations e.vist 
in different specimens. The reaction in the stroma is almost alwaj's negative and onlj* 
during the progestational phase have we seen positive reactions in the nucleoli and certain 
decidua-like periglandular and perivascular cells. 


Table 1. Results of Reactions for Alkaline Phosph.at.\se .^nd 
Glycogen in Human Endometrium* 


Endometrial 
. Type 

1 

Alkaline Phosphatase 

1 

I Glycogen 

No. of 

cases 

Average! 

1 Average! 

No. of 

cases 

Estrogenic 







Hypoestrogenic 

i 9 

0/d- 

(0.44) 

d-/ -b d- 

(1-7) 

9 

Normal 

4 

-f-d''f-/d-d-'{-d'(3.5) 

+ / + + 

(1.5) 1 

4 

Hyperestrogenic 

1 ^ 

j-f-h-b / d-d-'l-'i' (3.6) 

-b/-b-b 

(l.S) 

6 

Transitional 

6 



-b-b/d-d-b 

(2.2) 

5 

Pkogest.^tional 

! 


i 




Hypoprogestational 

20 

d-/d-d- 

(1.6) ; 

-bd- 

(2.1) 

19 

Normal 

10 

0/ + 

(0.66), 

-b-b-b/d--b-b-b (3.2) 

9 

Menstrual 

8 

0/d- 

(0.62) 

i "b/ -b d- 

(1.6) 

s 

In Thyroid Disease 

6 

d-++-f 

(4) 

1 -b/-b-b 

(1.6) j 

1 ^ 

Total 

1 68 


1 65 


* For kej', see section on “Results.” 

t The figures in parentheses are an attempt to express quantitatively the averages of 
the reactions obtained for each group. 


The main characteristics in the definitelj' abnormal cases are irregularities of dis- 
tribution and increase, decrease, or even absence of phosphatase paralleling the degree 
of endometrial development. An important exception was found in the somewhat para- 
doxical picture of the endometrium in hj'pothjToidism (11, 12), which we hope to discuss 
in a separate paper. 

Up to the present time onlj’ three deciduas have been studied. In two cases of spon- 
taneous!}' eliminated fragments we found negative reactions. This disagreement with 
the findings of 'U islocki and Dempsey (1) can be explained, we believe, by the endocrine 
abnormalities of the patients, who showed a tendency toward abortion and bleeding. 
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The third spiM-imeii iinoxperledly ohf.-iidod hy hiopsy \v;is very rieh in phosi)h!itiise. Tlic 
dlniost !il)solu(e nl'seneo of ^lyeonon in nil Ihree specimens imiy snpjmrt (his hypothesis. 

In (wo c:\ses of endomel ri.'il (iiherculosis we flid not find any enzymatic activity in 
the giant cells. 


B. 'J’lir ih'aln'hvtinii nj (jIijcikjcu 


The amount of glycogen 
varies from traces to coarse 


present in (he endometrium during the estrogenic phase 
griinules situated hasall\’ or surrounding the nuclei of the 



Fig. 1. Alkaline phosphatase during the estrogenic phase ( x350). 

Fig. 2. Capillaries and secretion are positive for alkaline phosphatase during the pro- 
gestational phase ( X250). 

glandular and epithelial cells (Fig. 3). It is even ])ossible to see such granules in the 
process of being secreted. During the transitional phase, morphologicall}^ considered as 
the ovulatory phase (although we believe it is not necessarily so), the subnuclear and 
often all the perinuclear zones have been found loaded with gl^^cogen. Later on, as the 
progestational phase advances, the epithelial cells, especiall}'^ the gland cells, discharge 
into the apical portion of the C3'-toj)lasni or into the gland lumen. The stroma shows more 
and more granules and c5ftoplasmic masses of gl3'-cogen. During menstruation the pol3’^- 
saccharide seems to be washed out and the amount diminished. In some instances a 
considerable quantity was found in the vascular walls. 

Specimens poorl3'- transformed or irregularl3" matured by progesterone showed scanty 
and unevenly distributed gl3’-cogen tending to be confined inside the gland cells as de- 
scribed b3'' Hughes (13). On the other hand, in one case (not tabulated) from a luteal 
ovarian cyst there was a large amount of glycogen in the numerous glands present. A 
fairly large quantity was contained in h3^perplastic endometrium (Fig. 4) without mor- 
phological signs of progestational response. In Figure 5 is seen a curve which schematically 
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expresses different levels of both substances during a more or less theoretical cycle' and 
during some of its hormonal abnormalities. 

DISCUSSION 

We believe that the results obtained are fairly consistent. With respect 
to our findings in the investigation of human endometrial glycogen they 
coincide in general with the data reported bj’^ others (13, 16, 1 1 , 18, 19, 20). 



Fig. 3. Glycogen in a morphologically estrogenic specimen (Axzac's silver method) 
(X720). 

Fig. 4. Cystic hyperplastic endometrium showing glycogen granules and small masses 
basallj' and around the nuclei (Arzac’s silver method) (xlOO). 


' We have said a “more or less theoretical cycle” because it is well known from bio- 
logic determinations that the hormonal levels of estrogen and progesterone during the 
real cj'cle oscillate in a wa 5 ' essentially similar to the one expressed in the abscissa of our 
graph (excepting the HE point). The estrogen curves of D’Amour (14) and of Markee 
and Berg (15) for example show a relative hypoestrogenic status at the beginning com- 
pared to more advanced epochs of the cycle, near ovulation time. Furthermore the points 
hE and hL of our graph correspond to reactions observed in specimens taken in the 
early proliferative and early secretoiy phases. In these, the histological aspects corre- 
spond to about the seventh to the ninth days and the twentieth to the twenty-second 
days of the normal cycle, respectively. On the other hand, the numbers in the ordinate are 
not strictly subjective values but an attempt to express quantitative averages (see 
Table 1). 
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The prcnienstninl })o;ik is pni-licuhiiij' prnnouneed, whereas other peaks 
arc not quite so detinite. However, some facts often forgotten or debated 
(Moricard (21), J^eelorc (22)) deserve to be om})hasized, namely, the 
existence of rather large amounts of gl 3 Togen in i)urely estrogenic endo- 
metria (I'ig. 3), showing cither morphologi<; h 3 *poj)lasia or glandular C 3 ^stic 
hypcr])lasia (Fig. 4). Of (;ourse it is not unusual to obtain ])ositive reactions 



Fig. 5. Graph conijiosecl of tlie averages of the estimated values for alkaline phos" 
phatase and glj’-cogen obtained from GS specimens (see Table 1), M (menstruation); liE 
(hypoestrogenic); NE (normal estrogenic); HE (hypercstrogenic) ; Tr (transitional); 
liL (115^3011^01100); NL (normal lutcinic). 


in ''mixed” specimens with or without hj’^perplasia. It seems important, 
however, to stress the fact that in some cases (such as those which show a 
hypoestrogenic condition morphologicallj'^) estrogen alone seems sufficieiit 
to stimulate the appearance in and even a slight discharge of gljmogen from 
the glands of the human uterine mucosa. In this respect the situation seems 
to be identical with the one in raacacus rhesus (Hisaw (16) ; Overholser and 
Nelson (23)) and in the rat (Boettiger (24)). This has escaped the atten- 
tion of many gynecologists because of a lack in the past of histochemical 
procedures as efficient as the silver techniques pre^^ously mentioned. In 
fact Zondek and Stein (20), and Spyker and Fidler (19) were able to 
demonstrate glycogen during the estrogenic phase by chemical anabasis 
but not histochemically. 

From another point of view our results are in disagreement with the 
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findings of others. Thus Spyker and Fidler (19) did not find glycogen in 
the stroma whereas in our specimens we were able to demonstrate con- 
siderable amounts of it. Perhaps the explanation advanced for similar 
findings by Hughes (13) would apply in this instance, as many of our 
specimens came from cases of sterility. Nevertheless, it must be pointed 
out that most of our morphologicallj’’ normal progestational specimens 
revealed glycogen in the stroma. It is interesting also that morphological!}’’ 
pure estrogenic specimens, even those premenstrual biopsy specimens 
showing hjTioplasia, had somewhat larger amounts of glycogen than those 
from the prohferative phase of normal c3’cles. A lack of paraUelism be- 
tween morphologj’ and chemical status in such instances maj^ perhaps be 
more frequent than is thought. 

Concerning phosphatase it seems quite clear that progesterone has an 
effect upon this endometrial enzyme not estabhshed, so far as we know, 
by pre\nous investigators. Thus the only mention that we have found in 
current literature is the one made b}"- Atkinson and Elftman (25) who 
state that the circular muscle layer of mouse uterus shows a disappearance 
of the reaction when the animal is treated noth progesterone and that the 
results ehcited by estrogen and progesterone are the same afe after estro- 
gen alone. Our data show on the contrary’ that, in human beings at least, 
the responses are quite different from each other and that the more ad- 
vanced the progestational phase, the smaller the amount of phosphatase 
present in the endometrium; whereas the opposite happens during the 
estrogenic phase.^ This cannot be attributed to a lack of estrogenic action 
during the luteal phase since it is well known that the quantity of this hor- 
mone increases during the second half of the C3’cle. 

The relationship between alkahne phosphatase and gl3’Cogen is ver}" 
interesting. It seems quite clear that the amount of each, particular!}" 
during the progestational response, shows an inverse ratio. This suggests 
that glycogen is formed at the expense of phosphatase, which is in agree- 
ment vuth the phosphor3dation theor}" of gl3"Cogenesis. In fact Wislocki 
and Dempse}" (1) have reported that whenever a process of gl3"cogen depo- 
sition is found, a barrier or a bed of phosphatase is alwa3’’s present or inter- 
posed between circulating blood and the place in the tissue where gl3"co- 
gen is deposited. Since onl}’- the endometrium of pregnant women was 
studied b}" them, the}" reported the presence of phosphatase only in the 
capillaries (at the beginning of pregnancy) and they supposed that this 
barrier was sufficient explanation for the appearance of the polysaccharide 

- After this paper was written our attention was called to a very recent publication 
by .\tkinsou and Engle (26) who, in a smaller number of cases, found essentially the 
same results as ours in monkey and human endometrium. 
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in 


different places in (lie 


nuieosa. Our results show however that in human 


endoinetriuin a betl, in addit ion to a harrier, of phosphatase is found some- 
time during tlie eyele, preceding t he rieposilion of glycogen in the particu- 
lar cells involved. 

If we consider now what> hapjiens under (he influence of estrogenic action 
it. is evident, that, glycogen, althougli in small amounts, is synthcsizccl in 
the presence of large amounts of (he enzyme; .and that in certain cases 
(during the late estrogenic and the transitional i)hase) both are present 
in rather large qu.antitics. 'i’his suggests ili.at on the one hand tlie presence 
of .sugar and j)ho.s])hatasc is not sufficieni for the eslablishnicnt of a full 
catal3’’tic process of polymerization; and on the other hand, that the whole 
proce.ss is gradually and not suddenly est ablished." 

It appears safe to assume that progesterone is the factor involved in the 
activation of the catalytic reaction, evident during the progestational 
phase. Since, however, this reaction, altliougli less ijitense, can be evoked 
under the influence of estrogen alone, .several hyj)othe.ses can be advanced 
tentatively: (a) estrogen and progesterone have, from this particular point 
of view, only a quantitative and not a qualitative difference; (b) proge.s- 
terone is secreted during other than the second half of the cycle; (c) 
metabolites, progressively produced under estrogenic action, progres- 
sively activate the catalytic reaction; (d) .several enzymes act at different 
epochs of the cycle. For the time being we have no conclusi^^e endence to 
support any one of the mentioned hypotheses to exclusion of the others, 
so that it is more than likelj^ that several factors arc invoh'’ed in the produc- 
tion of the phenomena described. Of course the role of phosphatase in the 
process of growth cannot be excluded, since it seems to be involved in the 
synthesis of nucleoproteins. In fact, we found a very intense reaction, to- 
gether with the presence of vitamin C granules, in such an activety grow- 
ing tissue as a highljr malignant endometrial adenocarcinoma (not tabu- 
lated) . On the other hand, the part phosphatase can play as a respiratory 
enzyme is another possibility. In this respect the observation that a 
maximum response is found in the endometrium of those patients in whom 
thyroid function is subnormal, deserves careful consideration. 

It is obvious that routine studies of the two histochemical reactions 
here mentioned are highly desirable since they can throw a great deal of 
hght on the physiology of the uteiine mucosa. This may be particular!}'’ 
true in cases of sterility which show a definite tendency toward phospha- 
tase-glycogen imbalances, either because the enzyme appears increased 
due to poor utilization for glycogen synthesis, or because both are dimin- 


" The focts just reported by Zondek .md Hestrin (27) give .support to this point of 


view. 
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ished when glycogen synthesis is decreased due to scarcity of the 
enzyme. Perhaps ano^aIlatory menstruation and other “non-menstrual” 
bleedings will be differentiated more clearly by such studies. 

SUjMMARY 

1. AlkaUne phosphatase and glycogen have been studied histochemicallj’' 
in seventy-three biopsies of human endometrium. 

2. It was found that the amount of alkahne phosphatase demonstrable 
in the endometrium increases during the proHferative estrogen phase of 
the menstrual cycle, whereas it decreases during the progestational phase 
and disappears during menstruation. It is abundant in the endometria of 
patients vdth gjmecological disorders associated with h 3 ’poth 3 noidism. 

3. With the silver techniques used, glj’-cogen could be histochemicaUj’’ 
demonstrated not only during the progestational phase but also during the 
proliferative phase ; and in hj’poplastic as well as in hjqierplastic estrogenic 
specimens. The results with these procedures agree in a general waj’’ vdth 
the quantitative biochemical data so far reported in the literature avail- 
able to us. 

4. The results obtained are discussed and the suggestion made that the 
histochemical study of the endometrium is highlj^ desirable, particular!}’- 
in cases of sterility. 
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USE OF GLOBIN INSULIN IN ADDISON’S DISEASE 
ASSOCIATED WITH INSULIN-SENSITIVE DIABETES 

W. L. LOWRIE, M.D., W. E. REDFERN, ]M.D. axd 
D. P. FOSTER, M.D. 

From the Metabolic Division, Department of Medicine, Henry Ford Hospital, 

Detroit 2, Michigan' 

I N 16 cases of coexisting diabetes mellitus and Addison’s disease so far 
reported in the literature, insulin sensitiHty has been a frequent oc- 
currence and has presented a difficult therapeutic problem. In three of the 
cases reported, diabetes developed after the onset of Addison’s disease (1, 
2, 3). 

Simpson’s (1) patient had been treated elsewhere with epinephrin in- 
jections. Following treatment -with adrenal cortical e.xtract, hj-perglycemia 
and glycosuria developed within one month. InsuMn was administered. 
This resulted in severe h 3 ''poglycemic reactions from even small doses. 
The patient eventually came to autopsy and the diagnosis of Adchson’s 
disease was substantiated. 

The patient described by Rhind and Wilson (3) was treated with desoxy- 
corticosterone for one year and then developed chabetes. This indiHdual 
was the only one of fifteen who was apparently not e.xtremely sensitive to 
insuhn. The patient was taking 60 units of insulin per day and eventually 
expired in a hj'pogljTemic con^mlsion. 

Thorn and Clinton (2) reported a case of Addison’s disease treated ■vsith 
desoxycorticosterone for three years prior to the onset of diabetes. Small 
doses of regular insulin were given. By this method, severe reactions, such 
as might be induced bj' prot imine zinc insuhn, were avoided. 

In the remaining thirteen cases which were reported, the Addison’s 
disease developed either concurrently with diabetes (4) or after the 
diabetes (4-13). 

RogoS (14) reported a patient, who, before coming under his care, had 
had the adrenals denervated in order to alleUate diabetes. The diabetes, 
prior to operation, had been controlled with diet and insuhn. The patient 
developed Addison’s disease. His insuhn requirement decreased and he 
became sensitive to insuhn. The procedure was condemned by the author. 

Armstrong (15) reported a patient who had diabetes associated with 
Addison’s disease and w'hose insuhn requirement prior to the development 
of Addison’s disease was 56 units. After development of Addison's disease 
his requirement dropped to 8 units daily. The patient was sensitive to 

Received for public.ation November S, 1947. 


325 



insulin niul (Icvnlopcd li^ypoglyroinio rojictions. In this case adrenal 
cortex extract (ICschatin) i)ro(luccd glycosuria and hyperglycemia. 

CASIO HISTORY 

In our j)aticnt, a colored female, aged 30, Addison’s disease was diag- 
nosed on licr first admission, December 7, 1044, Complaints: loss of energy 
and weight., anorexia, nausea and diarrhea. She also stated that her skin 
had become darker and tliat pigmented areas had appeared on her gums. 
She was extremely emaciated and astlienic. Her blood prc.ssurc was 70/40. 
Blood chemistry .showed .scrum sodium, 126.0 inEq./L, and pota.ssium, 
4.75 mEq./L. Two days later the potassium was 5.1 mEq./L. Glucose 
was 66 mg. per 100 cc, and CO; combining j)owcr, 20.4 mEq./L. Hemo- 
globin was 14.6 Gm., red blood cells 4.46 million and white blood cells 
7,200. The different ial count was normal. The water e.xcretion test (16) 
showed the following: part I, positive; part II, 4.0 (normal 25-f). 

The Addison’s disease was brought under control by glucose, sodium 
chloride, adrenal cortical hormone and dcsox 3 ’corticosterone. The natural 
hormone was continued for seventeen daj's and a total of 170 cc. (425 rat 
units) was gi\'cn. The symj)t oms were relieved. The patient gained strength 
and her weight varied from 05 pounds to 103 pounds. 

At first, 15 mg. of dcsox 3 '’cort.icosterone acetate were required dailj’’ but 
at the end of nine months she was able to do light housework while taking 
5 mg. every other da 3 ^ At this time three 75 mg. pellets of desoxycorti- 
costerone' were implanted beneath the sldn. The patient’s capacity for 
work remained good for a period of six months, after which she reentered 
the hospital complaining of weight loss (7 pounds), polyuria, excessive 
thirst, anorexia, and weakness. 

Physical examination : Temperature 99°, pulse 74, respirations 20, blood 
pressure 70/50. Examination revealed an emaciated colored female with 
evidence of dehydration. Skin folds along the thighs and legs showed deeper 
areas of pigmentation. Pigmented areas were also present in the mucous 
membrane of the gums. Sibilant rales were heard in the upper lobe of the 
right lung, posteriorly. There were no significant findings in the heart or 
abdomen. There was no Babinsld, Pelvic and rectal examinations were 
negative. 

The first impression that the patient’s condition was due entirely to 
undertreatment of the adrenal cortical insufficiency, was not substantiated 
by the laboratory findings. 

1 Desoxycorticosterone pellets were supplied through the courtesy of Dr. Edward 
Henderson, Sobering Corporation, Bloomfield, New Jersey. 
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Blood: 

Serum sodium 
NPN 

Glucose (fasting) 
CO: 

HB 

RBC 

lYBC 


305 mg, per 100 cc.; (132.6 mEq./L) 
32 mg. per 100 cc. 

346 mg. per 100 cc. 

47.5 per 100 cc. (21.3 mEq/L) 

12.4 Gm. per 100 cc. 

3.9S million 
7100 


Cephalin-cholesterol liver function test — negative. 

Thymol turbidity — 1 unit. 

Thymol flocculation — 0. 

Urinalj'sis — S.G. 1,020; albumin negative; glucose 4 plus; acetone positive; diacetic acid 
negative. 

Skin test for hemochromatosis (17) — negative. 

24-hour urine for hemosiderin — negative. 

The patient’s condition was not improved by supplementary desoxj^- 
corticosterone, 5 mg. daily, or by increased sodium chloride intake. Weight 
did increase after insulin was started. However, hj-poglycemic reactions of 
unusual severity occurred without w'arning even from as small a dose as 5 
units of regular insulin. The reactions were not always accompanied by 
perspiration. On several occasions the patient was found comatose in bed 
and unable to swallow. In each instance the onset of hjTioglycemia was 
so rapid that disorientation or loss of consciousness developed before the 
patient could summon help although she was in a three-bed ward. In spite 
of the reactions, her general condition improved. She gained weight and 
strength. On March 13, 1947, her temperature rose to 102° and there was 
evidence of bronchopneumonia. Penicillin, 25,000 units every three hours, 
was given and the temperature gradually fell to normal vdthin four days 
(Fig.l). 

On March 31, 1947, two 75 mg. pellets of desoxycorticosterone were im- 
planted and intramuscular injections w'ere discontinued. In view of the 
severitj’^ of the insuhn reactions, it was decided to attempt control of the 
diabetes without insulin. The patient w'as discharged on March 31, 1947, 
on a diet of protein 70 Gm.; fat 125 Gm.; and carbohydrate 200 Gm. She, 
however, did not regain her former strength and working capacity and by 
April 4, 1947, had lost weight from 89 pounds to 83 pounds. A 24-hour 
urine specimen on April 4, 1947 contained 70 Gm. of glucose. Readmission 
to the hospital was advised to institute insuhn therapy. 

On admission to the hospital May 13, 1947, the patient was continued 
on the diet of protein 70 Gm. ; fat 125 Gm. ; and carbohydrate 200 Gm. ; and 
globin insuhn, 4 units daily before breakfast, was started. This was gradu- 
ally increased to 14 units daily. During the ten day hospital stay the 
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patient- gained from 77 ])onnds to 81) pounds and no liypoglyceinic reac- 
tions occurred, d'hc 24-hour outj)ut of glucose in the urine fell to 20 Gm. 
The patient, was dischai’ged fi'om the liosjntal on May 28, ]1)-:17 (Fig, 2). 

In the past three months the patient lias felt well, has done all her 
housework and gained weight- to 1)G jiounds. The ])rescnt. insulin dosage is 


DAy 8 9 10 i I 18 13 M /5 /6 17 18 /9 80 8! 88 83 84 85 86 87 88 89 30 3! 


REGULAR INSULIN ■ 


PROTAMINE INSULIN 0 



GLYCOSURIA 


-tH+ 

4t+ 





Fig. 1. Frequent severe hypoglj'-cemic reactions during administration of regular in- 
sulin and of protamine zinc insulin in a patient with Addison’s disease complicated b}' 
diabetes mellitus. (In this figure and in Figure 2, the ordinate numbers pertaining to in- 
sulin indicate the dose in units; those pertaining to blood sugar indicate mg. per 100 cc.) 


12 units of globin insulin before breakfast. She has had one insulin reaction 
to this dosage. On July 12, 1947, the patient was brought to the hospital 
in hypoglycemic coma and was promptly revived by intravenous glucose. 
The preceding evening the patient had been moving furniture in prepara- 
tion for redecorating her home. 

On January 4, 1948 the urinary neutral 17-ketosteroids in twenty-four 
hours measured 0.5 mg. In the determination of the neutral ketosteroids 
the urine was hydrolyzed and fractionated according to Pincus (18); and 
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ketosteroids, separated by means of Girard’s reagent (fraction 12), were 
determined by two-color spectrophotometry 

COMMEXT 

In this patient, Addison’s disease preceded the onset of diabetes mellitus 
by 3 'ears. Thi-ee similar cases have been reported in the literature. 


APR my JUNE JULY AUG 

4 14 15 16 17 18 19 20 2 ! 22 4 28 ! 12 4 



Fig. 2. Infrequent hypoglycemic reactions during administration of globin insulin 
in same patient shown in Figure 1. 


Adrenal cortical hormone was administered onlj' during the first seven- 
teen days of therapj’’ of the Addison’s disease. Subsequentlj' control was 
mamtained with injections of desoxycorticosterone and later by pellets. 

The onset of diabetes was abrupt and characterized bj' weakness, weight 
loss, poljmria and polyphagia. In spite of this and the high blood sugar and 

- For this determination we are indebted to Mr. William T. Beher. Fellow in Biochem- 
istry at the Research Institute of this hospital. 



proiiomiced gly<^osurin, the jjatient- did not. have sev'cre ketosis at any time, 
Tlic blood CO? wjis only slightly tlcerea.sefl and diaeetie acid was not 
found in the urine, althougli aectojic was present. 

The deeisioji to use globin instdin resulted from the unsatisfactory and 
unpredictable results obtained from either unmodified or protamine zinc 
insulin. Prolamine zinc insidin, with its maximum efTecl. during the meal- 
free night hours, was obviously unsuita)>lc and produced a severe hypo- 
glycemic reaction diu-ing the niglil.. Unmodified insulin also proved un- 
suitable, apiiarontly bofaiuso of its short and concentrated action, Globin 
insulin has a relatively .slow action and the period of maximum activity 
coincide.s with the period fluring which the patient is taking food and is 
awake. For t hese reasons globin insulin seemed t o offer tlie most promise 
for freedom from h3’pogkyccmia. In this one ca.se globin in.sulin apparent^ 
has been a more suitable therapeutic agent. 


«U.\fM,AIlV 

In a Negress with Addi.sori’.s di.sea.se followed bj' diabetes mellitus, 
globin in.sulin was the insulin of choice for t reatment of the diabetes with- 
out resulting frequent se\'ere hypogl.ycemic I'cactions. 
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DIA151CT1CH IN A DWAllK. A CAvSE REPORT 


HERBERT 8 (!HH]':iEH. AI.I). a.vd ISAAC LEWENTER, M.D. 

From (he ICmlocn’iic (Uinir of Goiiirniror lloKpital, Xnr York City 


T IilC c:\sc present 0(1 is one of ;i juvenile dinhclie n'ho snrHvcd the 
prcinsnlin (',ra. Her s(nn( od growl li gave rise to spocnilation on the 
‘^ciidocrinc’’ stigmata of her dwarfism, wliereas the starvation manage- 
ment of her dia})etes in the jircinsnlin era was j)rohal)ly (he main con- 
tributoiy factor. '"Plie coui'se of lier dial)clcs, complicalcd by liypcrthyroid- 
ism, presents .some points of interest. 

CASE RLSTORY 

R.G., ji •to-yonr-old wliifc RmiuiE. no f.-tmiliiil liistory of dinhetes or dwarfism 
(Ki". 1). Ono older normally Imilt sister suficred frf)m rlieumatnid artlirilis; her rather 



Figure 1 

tall brother, from night blindness. The patient, the youngest of the three children, was 
born when her mother was 51 years old. She had an uneventful childhood, although 

rmhUfdi.inn November 21, 1947. 
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she was sicki}' and could not follow a regular school curriculum. At the age of one 3 'ear 
she had pneumonia. Menstruation started at eleven j’ears, and was regular until Novem- 
ber 1946, when the menopause ensued. 

The diagnosis of diabetes was made at eleven j’ears of age. Since this was in the pre- 
insulin era, the patient was subjected to prolonged hospital obseiwation and starvation 
regimens at manj’ hospitals. Insulin was administered to her for the first time in 1922, at 
the age of twentj', following diabetes of nine j’ears duration. 

The patient has been under-observation in the diabetic clinic at Gouverneur Hospital 
since 1934, at which time the dailj’ dose of insulin was 30 units. 

In 1937, clinical evidence of hj-perthj'roidism developed, indicated bj’ e.vtreme nerv- 
ousness, tachj’cardia, tremor of the hands and elevation of the basal metabolic rate to 
plus 32 per cent. The dailj’ insulin dose had to be increased to 140 units. ThjToidectomj’ 
was recommended, and subtotal thj'roidectomj' was performed at Post-Graduate Hos- 
pital in Januarj’ 193S. After an uneventful postoperative course, the patient was dis- 
charged from the hospital on a low calorie diet and on the same dailj’ dose of insulin 
(140 units). On Februarj’ 21, 1938, one month postoperativelj’, the B.!M.R. was plus 
15 per cent. 

In April 1938 the patient started to gain weight, the hair on her head began to fall 
out, and she started complaining of paraesthesias. The B.M.R. fell, until on August 1, 
1938 it was minus 1 per cent, and two weeks later minus 15 per cent. The insulin dose 
remained the same, 140 units dailj’. 

Since 1938, the patient’s attendance at the diabetic clinic at Gouverneur Hospital 
was more regular. The carbohj’drate content of her diet through that period was 159 
Gm. (Protein — 60 Gm., Fats — 60 Gm.). The insulin dosage administered up to date 
remains high; 70 units of protamine zinc insulin and 35 units of crj’stalline zinc insulin. 

In Januarj’ 1947 the patient started showing signs and sj’mptoms of recurrent hj’per- 
thjToidism: loss of weight, exophthalmos, tremor, tachj’cardia (pulse rate 110/min.), 
a B.M.R. of plus 30 per cent, and two small nodules in the remaining thjToid. The 
RBC was 3,880,000; and the IVBC, 8,505. Differential count: polj’morphs — 38 per cent, 
Ij’mphocj’tes — 49 per cent, monocj’tes — 8 per cent, eosinophiles — 4 per cent, baso- 
philes 1 per cent. During treatment with propj’lthiouracil, pj'ridoxine, and feosol at 
the Post-Graduate Hospital Clinic, she responded verj’ slowlj’; finallj’ she showed a re- 
mission in June 1947. At present (Oct. 1947) she has a normal basal metabolic rate and 
is still on a maintenance dose of 25 mg. of propj’lthiouracil twice dailj’. 

There has been no historj’ of anj’ insulin reaction or diabetic acidosis during the entire 
course of observation. 

Physical Findings: Height — 4 ft. 5 in.; weight — 118§ lbs. Pronounced 
obesity with fat distributed predominantly in the breasts and trunk, and 
in the large abdominal apron. Hands and feet, particularly the fingers and 
toes, xvere short, small and thin. Hair distribution normal. Slight exoph- 
thalmos. Blood pressure, 120/SO. Pulse rate, SO/min. 

Esseiihal Laboratory Findings: Blood sugar levels ranged between 200 
and 30() mg. per 100 cc. The most recent report showed 200 mg. per 100 cc. 
The urine had never been found sugar free, although quantitative excre- 
tion of sugar in 24 hours had varied. The blood count was normal. Blood 
chemistry showed a non-protein nitrogen of 30 mg. per 100 cc. ; free chole.=- 
terol, 159 mg. per 100 cc.; and cholesterol esters, 101 mg. per 100 cc. 



334 


iiioHiiFjrr .s(:inu-:iKR am) iraac; i.kwkntek 


Volume S 


X-rny study rcvoulcd n noi’iuni sella lureica Avi(h normal vasoiilar mark- 
ings. The suture lines appeared to have elosed prelnaturoI 3 ^ Some promi- 
nence of convolutional markings was observed. 1'he pineal body was not 
visuali}5ed. Long bones were normal. 


DISCUJ.S.SIO.N' 

Type of Dwarfism : In the dilTercntiai diagnosis of the type of dwarfism 
in our case, we may, a priori, rule out .some tj^’pes of secondary dwarfism 
with charnel eristic features complclel 3 ' flilTcrent from the signs shown by 
the patient. In this calegoiy belong osteopsath^Tosis, achondroplastic 
dwarfism, and dwarfism due to renal rickets, congenital disorders or chronic 
infections. 

The three types of dwarlism to be considcrctl arc: (a) primary, (b) 
pituitaiy and (c) diabetic dwarfism. Primaiy dwarfism involves a defect 
in the constitutional growth process on a hereditaiy basis (1, 2). This ele- 
ment cannot be found in our patient, who shows cxlernall}'' all the signs of a 
pituitaiy dwarf (3, 4), with one vciy important and decisive e.xception. She 
is sexuallj’’ well de^'clopcd; whereas the characteristic featui’e of pituitaiy 
dwarfism is infantilism of the primaiy sex organs and amenorrhea. 

Ill physical appearance, diabetic dwarfs resemble pituitary dwarfs. 
The sella turcica, however, is normal, and sexual ly^poplasia and amenor- 
rhea are not present. Dwarfism in diabetics develops in childhood, not as 
a result of the diabetes as such, or because of other endocrine disturbances, 
but rather because of faulty control of the diabetes and malnutrition (5, 
6, 7). Our patient developed diabetes long before insulin was discovered, 
and in the interim tlie disease was not well controlled. The presence of un- 
controlled diabetes, accompanied by poor nutrition, probabl}’’ caused 
retardation of growth. It would seem logical, therefore, to accept the 
diagnosis of diabetic dwarfism, due to uncontrolled diabetes in childhood 
( 8 ). 

Some Special Features of Diabetes in the Described Patie7it: Despite high 
doses of insulin there were no insulin reactions. Although she was a juvenile 
diabetic, the patient did not show signs of diabetic ketosis. The mildness 
of the diabetes in this young girl, if attributed to hj^popituitarism, would 
imply Houssay’s phenomenon in a human, but insulin resistance does not 
confirm this impression. 

It is interesting that thyroidectomy changed neither the insulin require- 
ment nor the clinical features of the diabetes. 

SUMMARY 

1. A 45-year-oId diabetic dwarf, who had lived for nine years in the 
preinsulin era, has been presented. Hyperthyroidism developed as a 
complication in her thirty-fifth year. 
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2. In tMs type of dwarfism, endocrine factors other than the pancreatic 
diabetes were formerly over-stressed. 

3. Response to insulin was unlike that of a juvenile diabetic in that there 
was no ketosis and no insulin reactions. 

. 4. Despite the successful treatment of the hj’perthjwoidism, large doses 
of insulin were continuously required. 
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PROGRAM OF THE THIRTIETH 
ANNUAL MEETING OF THE 
ASSOCIATION FOR THE 
STUDY OF INTERNAL 
SECRETIONS 


The Tlhriiclli Annual Meeting of the Association for the Stiidj’- of In- 
ternal Seci’etions will ho licld in the Palmer House, Chicago, Illinois, June 
IS and 19, 1948. 

The scientific scssion.s will be held in the Red Lacquer Room and regis- 
tration will be on the fourth floor just outside the Red Lacquer Room. The 
Annual Dinner will be held in the .same room on Friday, June 18th at 7 
p. M. and will be i)recedcd by a cocktail parf.}^ the location of which will 
be announced later. 

All members of the Association who plan to attend the Thirtieth Meet- 
ing are urged to make their reservations at once with the Palmer House, 
stating the time of ai'rival and how long they plan to remain in Chicago. 

PROGRAM 

Friday, ,Tunk 18, 1948 

8:30 A.M. Registration 

I. 9:30 A.M. Red Lacquer Room 
J. S. L. Brownb, presiding 

1. Psk'udo-Glandular Disturb amces, 

by Hugo R. Rony 

2. Syndrome of Cyptorchidism, Heart Disease and Dermatosis. 

by S. J. Glass 

3. Constitutional Precocious Puberty Controlled by Androgen Therapy. 

by S. Cliarles Freed and Minnie Goldberg 

4. A Study op the Biological Activity and the Magnitude of Endogenous 
Androgen Production in a Case op Andrenogenital Syndrome. 

by Anne C. Carter and Ephraim Shorr 

5. PSEUDOHERMAPHKODISM. EaRLY AND LaTE RECOGNITION. 

by iH. James Whitelaw 

6. Clinical, Laboratory, Operative and Postmortem Observations in In- 
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FA^Ts AXD Children with Multiple Congenital jNlALFORiiATioNS (Tur- 
ner’s Syndrome, Ovarian Agenesis and Related Combinations). 
bj' Frank L. Plachte (introduced bj' Henry H. Turner) 

7. A Syndrome Characterized by Hypercalcemia. C.vlcinosis, .\nd Renal 
Insufficiency Follortng Prolonged Intake of Calcium and Alkali. 
by Charles H. Burnett, Robert R. Commons (by invitation). Fuller Albright 
and John E. Howard 

S. Hypopar.athtroidism, mtth Mental Troubles and Ectodermal Disorders. 

by T^Ianuel Villaverde 

9. Treatment of Far Advanced Inoperable Carcino.ma of the Breast with 
Estrogens and Androgens. 

by Samuel G. Taylor, III, Danely Slaughter (bj' invitation) and Frederick 
'W. Preston (bj- imitation) 

10. Hormonal Factors Invola'ed in the Regul.ition of Body Temfer.vture 
During jMenstru-vl Cycle and Pregnancy. 

by Charles L. Buxton and William B. Atkinson 

11. The Effects of Cert.vin Steroids — Intr.ymuscular .and Sublingu.al — On 
THE B.AS.AL Body Temper.ature of the Adult Hum.an M.ale. 

bj' Robert ]M. Perlman 

II. 2 :00 p.M. Red Lacquer Room 
C. N. H. Long, presiding 

12. A Simplified Hypophysectomized R.at Adrenal Ascorbic Acid Bioass.ay 
Method for Adrenocorticotrophin (A.C.T.H.) ; Specificity .and Applic.a- 
TION TO PrEP.AR.ATIVE PROBLEMS. 

by Paul L. Munson, Alfred G. Barry, Jr. (by imitation), and F. C. Koch 

13. Content of Adrenocorticotrophic Hormone (A.C.T.H.) in the R.at 
P iTiHTARY Under Optimal .and Stressful Enmtronment.al Conditions. 

by George Sayers, hlarshal Merkin (by imitation) and J. N. Tortoreto (by 
imitation). 

14. The Activ.ation of the Adren.al Cortex by Insulin Hypoglycemia. 

by H. Gershberg (bj' invitation) and C. N. H. Long. 

15. Influence of Adrenotrophic Hormone on Sodium Excretion in Hy- 
pophysectomized R.ats. 

by Betty L. Rubin (by inAitation) and Ralph I. Dorfman 

16. Factors Influencing the Corticotrophin Production of the Anterior 
Pituitary. 

by Hans Selj’e 

17. The Use of Andrenocorticotkophin .as .a Test of Adrenal Cortic.al 
Reserve. 

by George W. Thom, Peter H. Forsham (by imitation), Lillian Recant (by 
iniitation) and A. Gorman Hills {hy imitation) 

IS. Observ.ations on the Pituit.ary-Adren.al Response Following Epineph- 
rine Infusion IN :M.an. 

by Lillian Recant (by imitation), Peter H. Forsham (by invitation) and 
George W. Thorn 

19. F.ate and Met.abolic .Action of Intravenously .Administered Adreno- 
corticotrophic Hormone (A.C.T.H.). 
by Thomas M . Bums (bv in\itation), George Sayer.-, Frank 11. Tyler (by 
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irivitatidti), IL \ . .Lt^icr (!)y itiviLiUon), T. JL Scliwnrtz (hy invifation), Emii 
Ij. >Sinit!i (hy invifation) and L. T. .Saintioi.s 
20. Mkt.mioi.u: Ciia.vcks Fotn.owi.vo Tin; An.Mi.vr.sTn.vTio.v ok i’lTinT.vuv Annt;\o- 
coUTUroTitoi'iin; JIohmo.vi: (A.ChT.II.) to Nokmai, Humans. 
hy II. T. .MoAlpino (liy invitation), F. If. Vonning, L. Johnson (hy invita- 
(inn), V. Sciicnkcr (liy invitation), .M, M. irofTinan and ,1. S. L. BroAvnc 
2J. 'rijK KiTUfT OK AnK;;NO('ojr/7co7’no;’fn.v o.v Astiiiooy Lkvki-s is Kohmal 
IIU.MAN .SuJUKfT.S. 


by P. II. Ilcrlicrt and .1. A. dc Pries (introduced hy ,1. S. L. Brovne) 

22. A CoMi’AHisoN OK Tin; Ekkkct on Bo.ni; Fo«m,\tion ok tiii; HvrKnADRK.No- 
roin'icisM OK Cu.siii.vo's Sv.ndko.mi; m-itji that I.vdu('i;i) nv Aokknocortico- 
THoiMuc Mormoni; (A.C.T.II.). 

h}' Frederic C. Bartter (hy invitation), Anne P. Forhes and Fuller Albright 

23. Adrknai, Cortu:al U.nrk.sko.n.sivk.nk.ss j.n Patik.nt.s m-itii G.\.stric Ca.vckr. 

hy lildward C. Beifonstein, Jr., N. F. Young (hy invitation), Aurelia Potor 
(hy invitation), Benedict Dnffj' (hj* invitation) and F. Hoinburger (b)' 
invitation) 

24. Till-; E.kcuktion ok Adrunai, Mktaroutks in IIu.man Lmuni;. 

by Konrad Dohriner, Seymour Liehcrinan (hy invitation) and C. P. Rhoads 
(liy invitation) 


in. A.nnuai, Dinnkr, Friday, June IS. 

7:30 I’.M. — Red Lacquer Room, Palmer House 

Presentation of K. R. Squibb and Sons Award for 194S 
Presentation of Ciba Award for 194S 

Presentation of Ayerst, McKenna and Harrison Felloivsbip for 194S. 
by Mhirren 0. Nelson, Chairman of the Committee on Aivards 1947-48 

President’s Address: C. N. H. Long, Yale University 


Saturd.vy, Junk 19, 1948 
IV. 9:00 A.M. Red Lacquer Room 
R. G. Hoskins, presiding 

25. Preparation of Crvstaulinb Grom'th Hormone. 

by Jacob B. Fishman (by invitation), Alfred E. IVilhelmi (by invitation) and 
Jane A. Russell 

26. The Influence of Purified Gromth Horaione on Fasting Metabolism. 

by Clara M. Szego and Abraham White 

27. Unpredictable Effects op Growth Hormone Preparations on Nitrogen 
Storage. 

by Paul Bartlett (by invitation) and Oliver H. Gaebler 

28. Studies in Growth. I. The Effects of Androgen in Gigantism and 
Acromegaly. 

by Laurence AV. Kinsell, George D. Michaels (by invitation), Choh Hao Li 
(by invitation) and V''illiam E, Larsen (by inAutation) 

29. The Effect of Iodine Injections on Energy IHetabolism and Plasma 
Protein-Bound Iodine op Rats. 

by S. B. Barker and H. J. Lipner (by invitation) 
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30. The Effect of Pituitary and Non-Pitditart Gland Factors on the 
Formation of Intracellular Colloid Droplets in the Thyroid Gland 
IN Vivo and in Vitro. 

b}' Samuel Dvoskin 

31. Inactiv.ation of the Exophth.almic, Thy'rotropic and Ketogenic Prin- 
ciples OF Anterior Pituitary Extract by Iodination. 

by William McK. Jefferies 

32. Newer ^Methods of Antagonizing Hyperthyroidism. 

by Robert H. Williams, Rene F. Tagnou (by in\'itation), Herbert Jaffe, 
(by invitation), Beverlj- T. Towerj- (bj' im-itation) and Walter F. Rogers 
(by invitation) 

33. The Use of Radioactive Iodine (1 131) in the Study of Normal and Dis- 
ordered Thyroid Function in ^I.an. 

by Sidney C. Werner and Edith Quimby (by in\dtation) 

34. The Effect of Thyroid Stimulating Hormone on the Function of 
Human Normal and Malignant Thyroid Tissue. 

by J. B. Trunnell (by invitation), R. W. Rawson, L. D. Marinelli (bj' invita- 
tion) and Ruth Hill (by invitation) 

35. The Relation Between Infant Birthweight and Subsequent Develop- 
ment OF M.atern.al Di.abetes Mellitus. 

by Joseph P. ILriss and Palmer H. Futcher (introduced by CjtU M. Mac- 
Bryde) 

V. 2:00 p.M. Red Lacquer Room 
A. T. Kenyon, presiding 

36. Absorption and Excretion of Chorionic Gonadotrophin When Admin- 
istered Intramuscul.arly to Women. 

by J. T. Bradbury and Willis E. Brown 

37. The Ren.al Cle.>ir.ance of Chorionic Gon.^dotrophic Hormone in Preg- 
nancy AND IN Neoplasm of the Testis. 

by C. F. Gastineau (by invitation), A. Albert and L. AI. Randall (by invita- 
tion) 

38. The Metabolic Response to Chorionic Gonadotrophin in Young Men. 

by Kathrjm Knowlton (by imitation) and Allan T. Kenyon 

39. Blood Gon.adotrophin Studies During Pregn.ancy in Rel.\tion to the 
Fetal Sex. 

by H. E. Nieburgs and Robert B. Greenblatt 

40. On the Principal Estrogenic Constituents of the Urine of the Stallion. 

by Louis Levin 

41. I^Iechanism of Inactivation of a-EsTRADiOL by R.\t Liver in Vitro. . 

by R. H. deMeio (by imitation), A. E. Rakoff, A. Cantarow and K. E. 
Paschkis 

42. Cozymase in the Hep.vtic Inactiv.ation of a-EsTRADiOL. 

by Richard L. Coppedge (by imitation), Albert Segaloff, Herbert Sarett (by 
imitation) and Aaron Altshul (by invitation) 

43. Interference with Estrogen-Induced Growth in the Female Genital 
Tract by Folic Acid. 

by Roy Hertz 

44. The Rel.ation of Folic .4.cid to the Action of Estrogens. 

by Irene T. Kline (by invitation) and Ralph I. Dorfinan 
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•15. FLrojjKsi'i'NT P}I}:n()mi;na or rui: Yvi.va AssooiATro u-rni 8;;x Hokmo.ve 
Mktaiiom.s.m. 

l)y M. Sydiioy Mjirgolcso 

•10. 1 rsTicri-AH Din u'rr.vcy; A OuxifAt, an'd Pathoiakucae .STifnv. 

l)y P. }’.'i!}j)or Uriw.'inl, Hon.-ild C, S'ni/Tcii (hy invilalion) and Prod A. .Sini- 
iiions 

47. A (o.Mi'AHisox <ir 'rm; I’p’ria.T or \'AtJ(ot;s A.vni£f)r;i;N's ox the Temi’diiae 
Mvsi'hi-: AXi) OiiCAx.s or Trrr (\isrn.\ri:i) Mam; OtrrxEA Pic. 
l)y Clmrlcs D, Kncimkian and .Jane Harrison Iliinini (by invitation) 


VI. Axxuae Pusixess AIeetixc 
o;00 r.M. Ped Laoquor Pooin 


Papers' to he Head hp Title 


■IS, The Use or Wiiom; Ahhe.vae CVumcAi, lO.XTiiArr ix Exeekimextae I.veec- 


TIOX.S, 

by Erwin P. VoIImcr, damc.s 1). (iilhnore (l>y invitation), Leo Cravitz (by 
invitation) and J. E. .Sams(dl (by invitation). 

49. The V'ouk PEnron.M.vxcE or AnitEXAMcnoMizEo P.m Gives Coxtixuous 
I xTUAVEXou.s LvFt;.si()X,s or Gmtco.se, 

by Dwifilit J. Ingle and Jainc.s E. Nczainis (by invitation) 

50. SuilMXCiUAE Ai).MIXI.STUATIOX or Dk.SOXYCOKTICOSTEUOXE AcET.ATE IX THE 
Tueame.xt or Anmsox’s Desease, 

by Eveij'n Andcr.son, Lawrence W. Kin.sell, Tro.v C. Daniels (by invitation) 
and Edward Hendenson 

51. Excuetiox or AnHEXAn Metaiiomte.s Foleowixg the Adjhxistratiox of 
Adhexocokticothoitiic Hohjioxe to Nohmai. Huaiax Suhject's. 

bj' Eleanor H. Venning, V. E. Kazmin (by invitation), Miriam Ripstein (by 
invitation), H. T. McAlpine (by invitation) and M. jM. Hoffman 

52. The Effect of ll-DEHYnnocoRTicosTERONE ox Fecal Fat Excretion. 

bj' Grace E. Bergncr (bj’- invitation), Roger A, Lewis (by invitation), Frances 
W. Stout (bj' invitation), George W. Thorn and Kendall Emerson, Jr, 

63. An Estimation of the QuANTn’v of II-IT-Oxvsteuoid Excretion bt the 
Human Adrenal Stimulated by ACTH, 

by A. Gorman Hills (by invitation) and George W. Tiiorn 

64. Isolation of Urinary Steroids from a Patient ■with Apparent Adrenal 
Involvement, 

by A. M. Miller (by invitation) and Ralph I. Dorfman 

55, The Effect of Adrenalectomy and Dbsoxycorticosterone Acetate 
Administration upon the EGG Response of the Rat to Cardiac Glyco- 


sides. 

by Herbert S. Kupperman, Joseph G. Benton (by invitation) and Arthur 
C. DeGraff (by invitation) 

56. Activation op the Adrenal Cortex in Husian Subjects Folloiving Elec- 
troconvulsive Therapy (E.C.T.) and Psychomotor Stress. 

by R. A. Cleghorn and A. J. Goodman (by invitation ), B. F. Graham, M. H. 
Jones and N. K. Rublee 

57. Effect of Adrenal Cortical Compounds on ELECTROL-iTE Metabolism 
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OF A Patieot with Addisox’s Disease Dtjrixg High Sodium Chloride 
IXTAKE. 

by Aurelia Potor (by in\’itation). Nelson F. Young (by inA-itation), F. 
Homburger (by invitation) and Edward C. Reifenstein, Jr. 

58. Nitrogensparixg (Protein-Ax.vbolic) Actiox of Thtroid Hormoxe. 

by J. Rupp (by invitation) and K. E. Pasehkis 

59. Thiour.'icil Effect ox Plasma axd Liver Proteix CoxcEXTR.moxs. 

by James H. Leathern 

60. R.vdioiodixe Upt.^ke by the Thyroid as .vx Aid ix Differextial'Diagxosis. 

by S. M. Seidlin, E. Oshrj' (by imitation), I. Rossman (by imitation) and 
L. Leiter (by invitation) 

61. Thyroid Upt.\ke of Radioactive Iodixe ix the Norm.yl .\xd Hypometa- 
BOLic Humax. 

by Martin Perlmutter (by inmtation) and Peter H. Forsham (bj’ invitation) 

62. Cellul.vr Ixvolutiox ix the Thyroid. 

by Nathan B. Friedman 

63. jMethyl Thiouracil ix the Tre.vtmext of Thyrotoxicosis. 

by Grosvenor W. Bissell, John Al. Benny (by invitation), Victor Totah (by 
imitation) and Florence Gilbert (by invitation) 

64. Modificatiox of the Estrual Cycle of the Ewe by the Use of Proges- 

teroxe; the Effect Upox Sgbsequext Ovul.vtiox Rate .yxd Fertility 
of Ova. 

by R. H. Dutt (by invitation) and L. E. Casida 

65. Effects of V.vrious Estrogexic Prepar.vtioxs ox the Vagix.vl Mucosa. 

by Mildred Vogel (by imitation), Thomas H. McGavack and Joseph Mellow 
(by invitation) 

66. The Use of the Vagix.vl Smear ix the Assay of Estrogexs Givex Orally 

OB IXTB.VMUSCULARLY. 

by Willis E. Brown and J. T. Bradbury 

67. The Sisiil-vrity of Estrogexic Effect ix Premexstrual Texsiox, Mex- 
STRUAL Axomalies, Chroxic Cystic M.-vstitis axd Caxcer of the Breast. 

by Joseph H. Morton 

68. Hyperestbogexism Treated myth Lactogexic Hormoxe (Prolactix). 

by l^Ianuel Villaverde 

69. The Factor of Rhythm ix Experimextal Mexstru.\tiox. 

by Doris H. Phelps 

70. Hormoxal Pellets ix the M.yx.ygemext of the Mexop.vusal Syxdrome. 

b 3 ' Robert B. Greenblatt and Roland R. Suran (bj’’ imitation) 

71. The Effect of Hypophysectomy ox the Ovulability of the Ovariax 
Follicle of the Domestic Hex. 

bj^ Irving Rothchild and R. M. Fraps 

72. Progxostic Value of Pregx.vxediol Excretiox ix Thre.vtexed Abortiox 
MYTH Speci.vl Referexce to the Effects of Diethylstilbestrol. 

bj' A. R. Abarbanel 

73. Further Studies ox the Exdometri.yl Cups of the Pregx.vxt Mare. 

by H. H. Cole and G. H. Hart 

74. Ix.ccriv.vTiox of Posterior Pituitary Axtidicretic Hormoxe of the Liver. 

bj’ M . .1. Eversolc, J. H. Birnie (bj' invitation) and Robert Gaunt 

75. The Estim.vtiox of Dehydroiso.vxdrosteroxe .vxd Rel.vted Compounds 




ANNOUNCEMENT OF THE 1948 
LAURENTIAN HORMONE 
CONFERENCE 


The Laurentian Hormone Conference of the A.A.A.S. will meet in 1948 
at the Forest Hills Hotel, Franconia, New Hampshire, from September 
13th to ISth inclusive. The program (which will be published in full at a 
later date) will consist of four sections: 

I. The metabolism of steroid hormones in vivo and in vitro. 

II. Thyroid physiology and function. 

III. The role of hormones in tissue and body metabolism. 

IV. HjTpothalamic neuro-humoral relationships. 

Because of limited accommodations, attendance is by in\itation, but the 
Committee on Arrangements will receive applications for membership until 
June 15, 1948. Applications should be addre.ssed to: Dr. Gregory- Pincus, 
Chairman, Committee on Arrangements, 222 Maple Avenue, Shrewsbury*. 
Massachusetts. 
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CLASSIFICATION OF MALE HYPOGONADISAI AND 
A DISCUSSION OF THE PATHOLOGIC PHYSIOL- 
OGY, DIAGNOSIS AND TREATMENT* 

CARL G. HELLER, M.D., Pn.D.f AxVd 
WARREN 0. NELSON, Ph.D.J 

From the University oj Oregon Medical School, Portland, Oregon, and the 
University of Iowa College of Medicine, Iowa City, Iowa 

INTRODUCTION 

C LASSIFICATION, diagnosis and treatment of testicular failure have 
been radically altered and at the same time have been placed on a 
rational basis by the introduction of two important technics; 1) determin- 
ing the alterations in microscopic anatomj^ of the testis from a studj’’ of 
biopsy specimens, and 2) determining the urinarj’' excretion of pituitary 
gonadotropic hormones. The biopsy studies reveal whether the testicular 
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* Read in part before the annual meeting of the Central Societj-for Clinical Research, 
Chicago, Riinois, November, 1942 (Abst. J.A.M.A. m: 117,6, 1943) and in part before 
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27, 1945. 
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the Multnomah Countj’ Hospital and the University of Oregon Medical School, Port- 
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The study was supported in part bj* a grant from the American College of Physicians, 
and in part by a grant from the Schering Corporation, Bloomfield, New Jersey, through 
the courtesy of Dr. Edward Henderson. 
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Icsioii involves jirinnirily Mie seminiferous DihnUiS or Ihe inierstitin! cells 
of Leydig. Bioj)sy studies nlso indieale the ju’ognosis nnd treaf nient. insofar 
ns they reveal whether the testieuinr l.iss\ie is in'e])nrni)ly damaged or is 
potentially ea])a})le of being stimulated, '.rhe urinary gonadotropins reveal 
whether the testieuiar failm-e is secondary to pituif/iry failure or whether 
it. is primary, ''idiiis instances of gonadal faihirc may he divided into two 
di.stinct groups: 3) tlioso liaving distinctly liiglicr tlian normal titers of 
gonadotropins — the hypcnjonmlotropic ayjxlromcfi, and 2) those liaving di.s- 
tinctly subnormal tilers of gonadotropins — the hupngniiadotrnpic syndromes. 

In classifying the true hyjiogonadal states it is necessary to know 
wlictlier the deticicnej’’ deveioj)ed after maturity was I’eaclied or whether 


it was present early enough in life to prevent the patient, from undergoing 
pubcrt 3 ^ This knowledge permits the sci)aration of cases into two large 
groups, each of which can be identically subdir-ided into four plyysiologic 
categories, dci)cndent upon the primary site of failure. Thus in each group 
the hypogonadism may be clue to 3) failure of all the functions of the an- 
terior pituitary, 2) failure of the pituitary to elaborate gonadotropic hor- 
mone, 3) failure of the interstitial cells of Leydig of the testis, and 4) failure 
of the seminiferous tubules of the testis. 

Failure at each of the four sites will lead to failure of .spermatogenesis. 

1) When the entii'e pituitary gland is affected — for e.vample, by atrophy 
— neither the gonadotropic complex nor the other tropic hormones will be 
elaborated and consequent!}^ tlie Leydig cells and seminiferous tubules will 
fail to function. This can be readily understood by referring to tlie diagram 
of the ph 3 '^siologic control of the testis (Fig. 1). 

2) If only the gonadotropic hormones fail to be secreted b}*- the pituitary, 
this too will lead to Leydig cell apd seminiferous tubule failure. 

3) Primary failure of the interstitial cells of Lej^^dig, ndiich normally 
elaborate andi’ogens, may I'esult in abeyance of spermatogenesis since 
androgens maintain the seminiferous tubules as well as the rest of the 
genital tract in a functional state (1). 

4) Failure on tlie part of the seminiferous tubules alone leads to failure 
of spermatogenesis without signs of hormonal deficiency. 

Patients with any of the first three types of hormonal failure will have 
the usual clinical manifestations of androgen deficiency. If the onset of 
such failure antedates puberty, the condition will be characterized by 
changes in the bony skeleton; namely, dwarfism in the case of panhypo- 
pituitarism, and eunuchoidism in the other two instances. If the failure 
occurs after the individual has matured, no skeletal changes and often 
very little change in secondary sex characteristics will be noted. On clinical 
grounds alone it is often impossible to determine whether the hypogon- 
adism is the result of primary testicular failure or of primary pituitary fail- 
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GOMADOTROPmnS 

17- HETOSTLROIDS 


Fig. 1. Physiologic Control of the Testis 

F.S.H. refers to the follicle-stimulating hormone, which has a gametogenic function 
in males and females. It stimulates the germinal elements of the testis, promoting 
spermatogenesis in the seminiferous tubules (represented by circles). Note that testos- 
terone plays a role in the maintenance of the seminiferous tubules. 

I.C.S.H. refers to the interstitial-cell-stimulating hormone which stimulates the Leydig 
cells (represented by triangles) to produce testosterone. Formerly I.C.S.H. was known 
as luteinizing hormone (L.H.). 

Together these two fractions constitute the gonadotropic fraction. In human urine the 
resultant action of F.S.H. plus I.C.S.H. is determined biologically. 

17-Ketosteroids are hormones or their metabolites found in urine; approximatel 3 ‘ 
f is derived from the testes and f is derived from the adrenals. The terra “17-keto” 
refers to the ketone (=0) attached to carbon atom number 17 of the steroid molecule. 

Normal sperm count, morphologj' and motilitj' indicate the entire system is func- 
tionallj' intact. 

lire leading to testicular failure. Since the \ypQ and length of treatment de- 
pend upon this differentiation, it i.s important to distinguish between them. 

Differentiation can be accomplished by either of two means: 1) favorable 
re.sponse to a .simple therapeutic test emplojnng injection.s of chorionic 
gonadotropic hormone (see next section) ; or 2) by determining the urinarj' 
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output of the gonadotropic horaiones (2, 3). In primaiy testicular failure the 
output of pituitary gonadotropins is several times higher than in. urines of 
normgl men. I'^’hen pituitarj’- failure is responsible for the h 3 pogonadism, 
urinarj^ gonadotropins are either absent or well below the range of normal. 

Another aid in distinguishing the four tjT^es of adult and prepuberal 
failure is a stud}' of the variations in the microscopic anatom}' of testicular 
biopsies. 

By using each of the means mentioned, the eight distinct s}'ndromes can 
be differentiated. This “key” to the h}'pogonadal states, as outlined in 
Table 1, may be applied to an indiA-idual patient in whom the tentative 
diagnosis is “h}'pogonadism.” The definitive diagnosis can then be made. 
It also serves a,s a pre\'iew of the cUscussion to follow. 

Therapeutic test with chorionic gonadotropin 

This therapeutic test constitutes a pivotal point in the classification as 
well as in subsequent management of the patient suffering from h}'pogon- 
adism. Favorable response to injection of chorionic gonadotropin as 
judged by growth of the genitalia signifies that the patient is lacking in 
gonadotropins since the patients with h}'pergonadotropic h}'pogonadism 
will not respond. As is amplified later, patients that respond may fre- 
quently be completely restored to normal by a course of chorionic gonado- 
tropin therapy. In distinct contrast, the injudicious use of testosterone 
may cause sufficient testicular and pituitar}' suppression to preclude the 
possibility of subsequent stimulation of the testis. This undesirable possi- 
bility emphasizes the importance of proper classification and treatment. 

The therapeutic test consists of the administration of 750 international 
units of chorionic gonadotropin intramuscularly twice daily for three weeks. 
If a response is elicited, the patient has h}'pogonadotropic h}pogonadism 
and should be treated as outlined under this category. If no response is 
elicited and the patient is definitely h}'pogonadal, it can be safely assumed 
that the patient belongs to the h}pergonadotropic category and that the 
primary site of involvement is the testis. Such a patient may be given sub- 
stitutional therapy with testosterone, as outlined for the group of prepu- 
beral noncastrated eunuchs. 

The subsequent response of the patient bears out the findings obtained 
by the therapeutic test with chorionic gonadotropin. By actual assay of 
urinary gonadotropins a direct correlation is established. (In 100 per cent 
of the patients that responded favorably to the test, low urinar}* gonado- 
tropic titers Avere found in the preliminary control period.) Additional con- 
firmation is obtained from the microscopic anatomy of the testicular biop- 
sies Avhich show failure of stimulation of the Leydig cells and tubules, pre- 
sumably because of the lack of gonadotropins. Conversely a positive corre- 
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Intion is csinhlishcd between failure to respond to the test, high titers of 
urinary gonadot ropins and biopsy evidence tliat the testes arc absent or in 
such a state of damage that response to stimulation cannot be expected. 

Classification into .s.yndroincs will follow the numbering system irsed in 
the kc.y. 

THE HYPOCJONADOTHOPIC SYNDRO.AtES 
FAILUUE OF FlIJS'CTrOiVS OF TIIK AXTERIOR PFrUITAllY 

1) Panhypopituitary dwarfism. Although tins syndrome is rare, it is 
easily recognized by the sliort. stature associated with lack of pituitary 
stimulation (a) to the thyroid gland, leading to hypoth5Toidism or mjoc- 
edoma; (b) to the gonads, leading to characteristic sexual infantilism; and 
(c) to the adrenal cortex, leading to an Addisonian-like picture. 

la) Adult panhypopituitarism (Simmonds’ cachexia) is similarly rare 
and easily recognized by the failure of the thyroid, gonads and adrenals. 
It is often indist inguishable from the functional tj^e of panhypopituitarism 
(anorexia nervo.sa) in both its clinical and laboratoiy manifestations. 

A therapeutic test with choi-ionic gonadot ropin elicits a positri'e response 
in both the prepuberal and adult types. Further, the urinary gonadotropin 
titers are low or absent, and testicular biopsies indicate the lack of pitu- 
itaiy stimulation. Evidence of insufficiency of the other tropic homiones 
distinguislies panlLypopituitarism from the other hypogonadotropic syn- 
dromes. 

Ideal therapy would consist, of administering the various tropic fractions 
which are lacking, for example, growth, thyrotropic, adrenocorticotropic, 
follicle-stimulating, and interstitial-cell-stimulating hormones. Since these 
are not yei commercially available, administration of desiccated thyroid, 
adrenal cortical extract and the sex hormones is often resorted to with 
variable success. 

FAILURE OF PITUITARY GONADOTROPIC SECRETION ONLY 

2) Hypogonadotropic eunuchoidism superficially resembles other forms 
of hypogonadism in which the individual fails to undergo puberty. It is 
distinguished from panhj^popituitarism in that the indiiddual is tall rather 
than dwarfed and there is no evidence of deficiency of other pituitary 
hormones. The clinical features shared with other types of eunuchoidism 
(the prepuberal noncastrated type and the eimuchoidal type of seminifer- 
ous tubule failure) are: tall eunuchoidai skeletal structure (the span is two 
or more inches greater than the height, and the measurement from soles to 
pubic symphysis is one or more inches greater than the measurement from 

pubic symphysis to the vertex), delay in epiphyseal closure, poor develop- 

■srninp Riihnnrmal de- 
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velopment of the male hair pattern, lack of recession of scalp hair line, 
poor muscular development and endurance, and sexual infantilism. 

The following clinical features help to delineate hjiiogonadotropic 
eunuchoidism (Fig. 2) from other tjTies of eunuchoidism: (a) more "pro- 
geria-hke” wrinkling of the skin of the face; (b) although pubic, axillary 



Fig. 2. Hj’pogonadotropic eunuchoidism in an untreated patient 51 years of age. 
Height, 70.5 in.; span, 73.3 in.; soles to pubic symphysis, 39.5 in.; pubic symph3-sis to 
vertex, 31 in. Roentgenograms revealed hjTierostosis frontalis interna. 

and extremity hair is decidedly less than in sexuallj* normal males, more is 
present than in prepuberal noncastrated eunuchs. This may be correlated 
with (c) the level of excretion of 17-ketosteroids, which falls at or below 
the lower limits of normal but is higher than in the noncastrated eunuch, 
(d) Testes are alwaj's present but are smaller than normal, whereas the 
noncastrated eunuchs have none and patients with seminiferous tubule 
failure have very firm atrophic testes, (e) Alammary glands remain unde- 
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Fig. 3. Testicular biojis}’’ (Xl75) from a patient 2G years of age witli untreated 
hypogonadotropic eunuchoidism. Note presence of mesenchymal cells and absence of 
Lej’^dig cells in the interstitial spaces, the small caliber of the seminiferous tubules and 
the absence of spermatogenesis beyond the spermatoej'-te stage. This biops}’- reveals a 
suitable substrate, potentially capable of being stimulated. 

veloped as in normal males, whereas in the other two syndromes there may 
be either gross or microscopic (biopsy) evidence of mammary stimulation. 

The diagnosis is suggested by the presence of the findings described 
above, and established by : 

1. A positive response to the administration of chorionic gonadotropin 
in adequate amounts. 

2. Urinary gonadotropin titers below normal (or absent) . 

3. Testicular biopsies, revealing the presence of Leydig cells and some 
elements of the germinal series in an undeveloped state. These biopsies 
(Fig. 3) resemble testes seen in prepuberal boys and are somewhat similar 
to those of hypophysectomized animals. 
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Therapeutic program suggested for treatment of hypogonadotropic eunuch- 
oidism : It is e^^clent from the gonadotropin titers and testicular biopsies 
that the physiologic defect responsible for this syndrome is a lack of both 
interstitial-cell-stimulating hormone (I.C.S.H.) and follicle-stimulating 
hormone (F.S.H.). This suggests the use of these two hormones in any 
therapeutic progihm designed to stimulate the testes. 

A. Ad?ninislration of chorionic gonadoiropm. In order to correct the 
hormonal deficiencj’^ of the testes a potent I.C.S.H. preparation capable 
of stimulating the Leydig cells is necessary. No purified I.C.S.H. of an- 
terior pituitar}" origin is commerciall}'^ available. Preparations of gonado- 
tropin from the serum of pregnant mares and of chorionic gonadotropin 
from the urine from pregnant women, both have potent I.C.S.H. effects. 
However, the former has predominantly an F.S.H. effect whereas purified 
preparations of chorionic gonadotropin are regarded as free of F.S.H. 
effect. Since we have been interested in elucidating mechanisms of ac- 
tion throughout our studies we have elected to use those preparations 
which have the actir’it 3 '- of a single hormone. In this instance chorionic 
gonadotropin was the substance chosen. Sjuionjuns for this substance 
are; prolan, pregnancj-- urine extract, placental gonadotropin and an- 
terior pituitarj’^-like hormone. Chorionic gonadotropic hormone is pre- 
sumablj’’ secreted bj’- the chorionic cells of human placenta and is derir-ed 
commerciallj’ from the urine of pregnant women. It is a complex protein 
substance with an unknowm chemical formula and it has not been sjmthe- 
sized. It is standardized in international units. 

The commercial preparations, currently armlable on the market, which 
were used in this studj"^ include; “Pranturon” (Schering), “Korotrin” 
(Winthrop), “Chorionic gonadotropin” (Upjohn), “A.P.L.” (Aj^erst, 
McKenna and Harrison), and “Antuitrin-S” (Parke, Darns & Co.).^ All 
proved to be equallj'^ effective when emploj-^ed under similar conditions. 
Others currently available include “Follutein” (Squibb), "Chorionic gonad- 
otropin” (Armour), "Chorionic gonadotropin ” (Sharpe and Dohme), 
and"Pregn 3 d” (Roche-Organon). 

In our experience the most efficient mode of administration is as follows; 
inject 750 international units intramuscularlj^ twice daiU" for at least four 
to six weeks. The dose may then be reduced bj-^ one-half and continued an 
additional two months. Allow a rest period of from three to six months. 
At the end of this period it must be ascertained whether the developmental 
changes effected bj' the homone have been maintained or have regressed, 

‘ e are especially gr.iteful to Dr. Gifford Upjohn of the Upjohn Company, Kalam.i- 
200, Michigan, for providing us with well over one million units, and Dr. Edward Hender- 
son of the Schering Corporation, Mr. Carr of Winthrop, and Dr.'^Murray .Scott of Ayerst, 
^IcKenna and Harrison for the generous supplies of chorionic gonadotropin they 
provided. 
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or Avhcilier there lies been further (levclopmcnt subsequenl. to tlio cessation 
of therapy. J he last, situation indicates spontaneous improvement and in 
this event improvement may continue without any further treatment. In 



Fig. 4. Testicular biopsj'’ (Xl75). A case of hypogonadotropic eunuchoidism after 
treatment with chorionic gonadotropin in a dose of 1500 i.u., 5 times weekl}’^ for four 
montlis. Note appearance of Lej'^dig cells in the interstitial spaces. These were producing 
androgen, as may be seen from Figure 5, which shows the genitalia before and after the 
four-month period. Note larger tubules (due to androgen stimulation) and lack of 
spermatogenesis beyond spermatoc 3 '’te stage. 


the other instances further therapy is necessary. The usual procedure is 
to alternate three-month periods of treatment with three-month periods 
of rest. A surprisingly large proportion of the cases of hypogonadotropic 
eunuchoidism will maintain their improved status or actually continue to 
develop toward normal without further therapy after six to eighteen 
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months on this program. One plausible explanation is that a trigger mech- 
anism, which had failed to be set off at the time of the normallj- expected 
puberty, has been set off by the administration of chorionic gonadotropin. 
Thus the previouslj" underactive pituitary gland, in some unexplained 
manner, has been stimulated to secrete gonadotropins. The process, hav- 
ing once been initiated, continues spontaneousl 3 \ 

Testicular biopsies taken on- the same individual before and after 



Fig. 5. Hypogonadotropic eunuchoidism in a man 26 years of age, before and after 
four months of chorionic gonadotropin therapy. The testicular biopsies shown in 
Figures 4 and 6 are from this patient. 


chorionic gonadotropic therapy show marked stimulation of the Le 3 ’dig 
cells and increase in size of the seminiferous tubules but no increase in 
spermatogenesis (Figs. 3 and 4). This indicates that chorionic gonado- 
tropic hormone stimulates Lej^dig cell growth and secretion. 

This therapj' has been unifomilj’’ successful in all cases. This success can 
be ascribed to three important factors; 1) establishment of the proper path- 
ologic-phj’siologic diagnosis; 2) use of adequate amounts of the hor- 
mone; and 3) administration of it at frequent intervals. The use of large 
amounts of hormone at frequent intervals seems complicated and expensive. 
The gratifjdng results accompli.shed over a short period (Fig. 5) and the 
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lack of iiccc.s.sit.y for eoiilinucd treatment in inosl- ca.scs, actually makes 
thivS method less expensive than the use of inadefjuate doses at infrecjuent 
intervals over longer periods of time. 



Fig. 6. Testicular biopsy ( Xl75). Tlie same case of ]i 3 'pogonaclotropic eunuchoidism 
shown in Figures 4 and 5, after adding follicle-stimulating hormone to the therap)’’ (one- 
half cc. of F.S.H., 519, prepared by Dr. H. MeShan of the Universit}’’ of Wisconsin, 
was administered intramuscularly 5 times weeklj'- for three months, omitted for six 
weeks, then administered again in a dose of 1 cc. 5 times weeklj’’ for two months, at which 
time spermatozoa were noted in the seminal fluid for the first time and a biopsj’’ specimen 
was procured). Note that all stages of spermatogenesis are present and the tubules are 
larger than in Figure 4. 

B. Administration of follicle-stimulating hormone. Chorionic gonado- 
tropic hormone therapy corrects onty the hormonal but not the germinal 
deficiency of the hypogonadotropic eunuchoid. We have been fortunate 
in having a purified follicle-stimulating hormone prepared by and made 
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available through the courtesy of Dr. H. IMcShan of the University of 
Wisconsin, which has been added to the therapeutic regimen of some 
patients following their response to chorionic gonadotropin. Testicular 
biopsies taken before adding F.S.H. revealed no spermatogenesis, and 
the seminal fluid contained no spermatozoa. F.S.H. was given once daily 
intramuscularly in large doses and biopsies were obtained from two to 
three months later. Testicular biopsies (Fig. 6) and examination of seminal 
fluid both indicated that F.S.H. administration had stimulated spermato- 
genesis. 

Unfortunately,' so far as we know', no purified or highly potent F.S.H. 
is as yet available commerciallj'. However, there are mixtures of F.S.H. 
and I.C.S.H. derived from anterior pituitarj' sources on the market which 
may prove to be of benefit. We have employed “Preloban Niphanoid” 
(Winthrop) wdth some success. Since no uniform standards are available 
for the mixture no specific recommendations as to dosage can be made. 

2a) Adult h 3 T)ogonadotropic hypogonadism. No skeletal changes are to 
be expected and, in general, mascuhne characteristics are retained. Our 
single example of this condition exhibited slight regression of facial and 
bodily hair growth, sexual impotence, and sjuuptoms associated with the 
male climacteric. Administration of chorionic gonadotropin reversed the 
symptom complex. 

THE HYPERGONADOTROPIC SYNDRO-AIES 

FAILURE OF LETDIG-CELL FUNCTION 

In this type of primary' testicular failure, as well as. in the sjmdromes 
W'here the seminiferous tubules are mainlj' involved, the chorionic gonado- 
tropins elicit no response, titers of urinarj' gonadotropins are higher than 
normal, and biopsies fail to reveal testicular tissue capable of stimulation. 
The four sjmdromes to be discussed here as examples of primary testicular 
failure are therefore also to be called the hypergonadotropic syndromes. 

3) Prepuberal noncastrated etmuchs- (Fig. 7) are eunuchoidal indi^^d- 
uals w'ho either failed to develop testes (testicular agenesis) or whose testes 
underwent complete atrophj' before the age of puberty was reached (5). 
Surgical castrates whose orchidectoniy antedated puberty ma}' be included, 
since, according to Wagenseil (6), thej' have the same chnical features and 
similarl}' elevated gonadotropin titers (7). 

In addition to haUng the features common to all tj'pes of eunuchoidism 
(listed in part under hj-pogonadotropic eunuchoidism) the prepuberal 
noncastrated eunuchs have the following distinguishing features: (a) 
diminution of scrotal contents, often leading to the incorrect diagnosis of 


- Also referred to as functional jjrepuberal castrates. 
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abdoiiiiii!\l icstcs; (b) llic lonsl. pii})i{; aiul axillaiy bnir oiicoiintcrcd in any 
of the cunuehoidal syndromes; (e) very low 17-kc(os<eroid excretion: (d) 
gyneeoinaslia which is nsiiall}’ obvious on i)liysical examination l)ut occa- 
sionally discovered only by a mammary biopsy; (o) no response to the 
administration of chorionic gonadotropins; (f) high titers of urinary 
gonadotroj)ins. Ihopsies of the scrotal cotitcnts reveal the presence of 





Fig. 7. Prepubenil noncastrated eunuch 32 years of age. 


Wolffian duct derivatives, but absence of functional testes (Fig. S). Eein- 
nants of atrophic testes are occasionally discovered. 

Therapy must necessarily be substitutional in nature. Twenty-five mg. 
of testosterone propionate® administered five times weekly intramuscularly 
is satisfactory. Implantation of six to eight pellets of testosterone weighing 


* Testosterone propionate (Oreton) and testosterone pellets were kindly provided by 
the Schering Corporation, Bloomfield, New Jersey, through the courtesy of Mr. George 
Straayer and Dr. Edward Henderson. 
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75 mg. each is more convenient and gives equivalent results. Implantation 
needs to be repeated onl}^ e^'erj’- six or eight months. 

3 a) Adult hypergonadotropic hypogonadism. As in other instances where 
gonadal failure develops after maturity is reached, the normal male habitus 
is largely retained. Onlj’’ after 3’’ears of testicular deficiencj’’ does one note 
any regression of hair growth or diminution in genital size. The chief com- 
plaints of this group of patients are either sexual impotence or sjonptoms 



Fig. S. Biops}' of scrotal contents (X175) in a prepuberal noncastrated eunuch 52 
years of age. Note remnants of seminiferous tubules. This biopsy fails to reveal a 
substrate capable of being stimulated (reproduced from Heller, C. G.; Nelson, W. 0., 
and Roth, A. A.: J. Clin. Endocrinol. 3: 573, 1943). 

of the male climacteric ( 8 ). It is interesting to note that chmacteric sjunp- 
toms arise only in indi^’iduals who at one time have had a fair degree of 
Le3’-dig cell function, suggesting that the s3Tnptoms are related to with- 
drawal of the sex hormones. Climacteric S3Tiiptoms ma3' arise as a con- 
sequence of gonadal failure secondar3’- to pituitar3^ failure as well. 

To substantiate the diagnosis of adult h 3 ’pergonadotropic h3'pogonadism 
as the factor responsible for impotence or chmacteric s3'mptoms, one needs 
to find (a) high titers of urinar3' gonadotropins, or (b) e\idence of faihng 
Le3’^dig cell function in a biops3' specimen, or (c) lack of response to cho- 
rionic gonadotropin plus a definite re.sponse to testosterone (S) administered 
in adequate amounts such as 25 mg. five to seven times weekl}' intramuscu- 
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Inrly for two weeks. A j)()sif i\'(j response indientes Mini (esiieulnr failure is 
present whereas a negative response suggests psyeliogenie impotence or 
psychoneurosis. In some instances the etiology of the testicular failure is 
apparent, for example, bilateral orchitis, trauma, surgical castmtion, or 
interference with testicailar blood supply following herniorrhaphy, In most 
instances, however, no etiologic factor can bo elicited. 

Treatment, is as outlined for prcpuiieral noncastrated eunuchs. 


SEMIXIFEHOUS TUllULE FAILURE. 

4) Puberal seminiferous tubule failure ({)) is the most common form of 
gonadal failure and yet is least often recognized. The primary defect con- 



Fig. 9. Testicular biopsy ( XSO). Puberal seiniuiforous tubule failure. Note hyalinized 
seminiferous tubules, occasional tubule devoid of cells of the germinal series and con- 
taining Sertoli cells only, and aggregation of Lej'dig cells of small type. 


sists of disappearance of germinal cells and hyalinization of the seminiferous 
tubules, but this rarely exists without concomitant involvement of the 
Leydig cells although to a much lesser degree. If a patient is seen rela- 
tively early in the course of the disease, Leydig cell function may be so little 
disturbed as not to be detectable clinically. The main distinguishing fea- 
tures common to all cases of prepuberal hyalinization of the tubules are: 
(a) azoospermia; ejaculation is usually normal but the seminal fluid is de- 
void of spermatozoa; (b) very small testes in a normally developed scrotum 
— testes are unusually firm and range in size from that of a pea to that of an 
average lima bean, although in rare instances, the testes are almost of 
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normal size; (c) there is a negative response to chorionic gonadotropin and 
urinarj'- gonadotropins are elevated to the levels found in castrates; (d) tes- 
ticular biopsy examination (10) reveals hyahnization of the tubules and 
aggregation of Leydig cells (Fig. 9) with an apparent increase in their total 
number (11). 

Three chnical subtjT^es (9) are recognizable, depending apparentlj’^ upon 



Fig. 10. Puberal seminiferous tubule 
failure — noneunuchoidal tj'pe. 

the degree of involvement of the androgen-secreting cells of Lej’^dig. These 
clinical tj^pes maj" be dmded according to their appearance into: 1) the 
noneunuchoidal group'* (Fig. 10) in which the patients invariabh" exhibit 
gross gjTiecomastia ; 2) the moderatelj- eunuchoidal group (Fig. 11) in 
which there is slight gjmecomastia and a few. eunuchoidal features; and 3) 
the eunuchoidal group (Fig. 12) in which the patients exhibit the features 
of classical eunuchoidism but lack gross signs, although thej’ may have 
microscopic e^'idence of gjmecomastia. It should be remembered that al- 

■* Noneunuchoidal” has been substituted for “normal,” as suggested by Bettinger 
and Robinson (12). 
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though the degrees of clinical hypogouadisin and of l.eydig cell failure are 
variable, seminiferous tubule failure is invariable: and members of all 
three grouj}s have the fimlings associated with liyalinized tubules. It is pre- 
.sumed that, the quality of the I.oydig cells is poor in all cases since all of the 
patients we have observed develope^l .symptojus of the male climacteric 
by the time they reached the age of 25 years. 



Fig. 11. Pubeml .scniiniferou.s tubule biilure — moderately euuucboiclal type. Note 
great similarity to normal male, but absence of facial and axillary hair, high-pitched 
voice, lima bean-sized testes, lack of recession of hair of forehead, and moderately 
eunuchoidal skeletal structure all aid in distinguishing from normal male. 

We consider the defect in puberal seminiferous tubule failure to be of 
congenital origin. Reifenstein (13) has noted its occurrence in 9 members 
of the same family. The defect makes its appearance at the time of puberty 
as judged by clinical history^ ph 3 ’-sical examination and histologic findings 
in the testis. All patients exhibit some degree of androgen secretion at 
puberty. In the noneunuchoidal group onset of the gjmecomastia and 
atrophy of the testes may be traced to the time of puberty. The seminifer- 
ous tubules and Leydig cells both show evidence of puberal stimulation 
before the onset of failure. 
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Therapy. Neither the gynecomastia nor the sterility (azoospermia) can 
be corrected hormonally. Ho^ve^'er, by instituting substitutional therapy 
with testosterone, as pre^•iously outlined, most gratifydng increases in 
muscular strength and endurance, improvement in confidence, self esteem 
and reversal of neurotic tendencies result. Improvement in sexual function 
results as well (14). 




Fig. 12. Puberal seminiferous tubule failure — eunuchoidal 
type. Courtesy of Dr. D. E. Sparkman. Seattle. 

4a) Adult seminiferous tubule failure, is usually^ discovered only in the 
course of an evaluation of instances of sterihty^ No clinical signs or symp- 
toms are apparent. Seminal fluid examination reveals azoospermia or 
oligospermia. The testes are usually of normal size and consistency. If 
failure is complete, urinary gonadotropin levels are markedly elevated and 
testicular biopsies demonstrate either empty seminiferous tubules in which 
no elements of the germinal series are seen or hymlinization of the tubules 
(15). No effective treatment has been found. 
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MALE PSEUDOHERMAPHRODITISM* 

PROVED BY SURGICAL EXPLORATION! AND 
MICROSCOPIC EXAMINATION 

A CASE REPORT WITH SPECULATIONS 
CONCERNING PATHOGENESIS 

AIINNIE B. GOLDBERG, and 

ALICE F. MAX^^TELL, AI.D.t 

From the Division of Medicine, University of California Medical School and the 
Hospital for Women and Children, San Francisco 

W HEN an unusual case presents itself and challenges the vahdity of 
current concepts for its explanation, one should be prepared for 
surprises. The following case found us totally" unprepared for the answer. 

CASE RECORD 

J. W., a 19-year-old girl of Scandinavian-Scotch-Irish ancestrj", was 
referred for studj' because she had never menstruated. She was the middle 
one of three sisters in a farailj’- in which the only suggestion of endocrine 
abnormality was the occurrence of unusually tall women (6 ft.) on the ma- 
ternal side. 

Born at term of an uneventful pregnancy, the patient had been a healthy, 
apparently normal girl who had had the usual quota of imcomplicated 
childhood diseases. The first sign of pubert}-^ appeared at 15 j^ears when her 
breasts began to develop. Two years later she had attained a height of 
69 inches and required a size 34 brassiere. The fact that she had not men- 
struated did not seem significant as her mother’s menarche did not occur 
until her seventeenth j^ear and the elder sister’s in her sixteenth j'ear. 
I^Uien at 18 j^ears of age the menses had not appeared, the patient sought 
medical aid and consulted one of us (A. F. AI.) . Pehdc examination revealed 
a rudimentarj’- vagina and the absence of uterus and cer\’ix. Ethinyl es- 
tradiol, 0.1 mg. daiL"^ for two weeks each month, was prescribed. This 
therapj", continued for four months, resulted only in increased size of the 
breasts. Further investigation was interrupted when the patient developed 
a pleural effusion with fever, cough and night sweats. A diagnosis of tuber- 
culous pleuris 3 ^ necessitated six months’ hospitalization at the San Fran- 

Received for publication January 16, 194S. 

* Presented in brief under the title of “Bilateral .A.rrhenoblastoma without ilas- 
culinization” at the 29th Annual Meeting of the Association for the Studj’ of Internal 
Secretions, June 6, 1947, Atlantic City, New Jersey. 

t Assistant Clinical Professor of Medicine, University of California Medical School, 
San Francisco. 

1 Visiting Attendant, Hospital for Women and Children, San Francisco. 
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cm'.o 'I'ubcrtMiloKi.s (hirijifi: wJiich tinu: liornioiio Ivcntmcnl was 

siispciulod. In February, ID^Jb, she was fliseliargod from tlic liospital as 
cured, and soon after was rcferre<l for furl her sf ud}' of Iier endocrine condi- 
tion. 

When seen on April 30, lO-Ki, tlio patient ai)])eared lo be a tall, atlilet- 



Fig. 1. J. W., aged 19. Note tall einmchoid build, .absence 
of pubic hair, large, well-devcloi)od breasts. 


ically built, well nourished girl with relatively long arms and legs, a prom- 
inent lower jaw and rather large breasts (Fig. 1). Her voice was pleas- 
antly feminine though of low pitch. The blood pressure was 120/60. Her 
measurements were as follows : 


Weight 

Height 

Span 

Vertex to pubis 
Pubis to floor 
Ratio upper/lower 


159 lbs. 
7 O 5 inches 
73 I inches 
33^ inches 
37 inches 

0.90 


(72.3 Kg.) 
(79 cm.) 
(86.7 cm.) 
(85.1 cm.) 
(94.1 cm.) 
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The skin was soft, smooth, and hairless. Pubic and axillary hair was 
absent but a slight trace of vulval hair was discernible. The labia majora 
and minora were normall}' developed but small. A perforate h 3 Tnen spanned 
the vagina which ended blindlj' at a depth of 2.5 cm. The urethra oc- 
cupied its usual position but the clitoris was represented by only a dimple. 
On palpation no pehdc organs could be felt. The other noteworthj'^ positive 
phj’^sical findings were: a narrow mandible vdth crowded lower teeth; a 
high arched palate; a maldevelopment of the ear lobule on the left; slight 
asiunmetry of the chest with dullness and absent breath sounds over the 
right side posteriori}’’; large full breasts with prominent areolae but small 
poorl}’ developed nipples. 

Laboratory data: Routine blood count, urinalj’sis, and blood serolog}^ 
were negative. Urinary gonadotropin assay (F.S.H.)’ showed at least 96 
m.u./24 hours but not as much as 192 m.u. (normal values: 13 to 50 m.u.). 
Vaginal smears stained with Shorr’s triehrome stain showed fuUj’^ cornified 
epithelial cells indicating estrogen effect. 

X-ray findings : Roentgenograms of the skull demonstrated the extreme 
narrowing of the lower jaw but were otherwise normal. Those of the skele- 
ton revealed a bone age of 19 to 20 j-^ears with no further potential for linear 
growth remaining. No osteoporosis or abnormal calcifications were noted. 

Preoperative consideration : VTiat were the diagnostic possibihties? Here 
was a tall 19-3’ear-old girl with eunuchoid proportions, poorly developed 
external genitalia, absent uterus and .cer%’ix, moderately high urinar}’- 
F.S.H. excretion but with large breasts. To explain the last, it seemed 
reasonable to suppose that some functioning ovarian tissue must be present 
despite the fact that the adnexa were nonpalpable. Since the patient was 
contemplating matrimon}’’ and wished a plastic operation performed on 
the vagina, it was decided first to determine her gonadal status either bj’ 
peritoneoscopy or by pehdc laparotom 3 ^ The latter course was chosen 
because of previous unreliable results with peritoneoscopj’’ in our hands. 

Surgical esploration, December 16, 1946: Under sodium pentothal and 
cyclopropane anesthesia, the abdomen was opened through a midline in- 
cision. Exposure of the pehds (Fig. 2) revealed no structures between the 
rectum and the bladder other than a fold of peritoneum which formed a 
shelf-like projection. Laterallj’’ and quite high in the pelvis were two shinj" 
grayish-white, ovoid bodies, one on each side, measuring about 2.5 X 1.5 
Xl.5 cm. Contiguous vdth the distal ends of these bodies were two flesh}', 
pyriform structures resembling the unfused horns of a uterus. The thick- 
ened fold of peritoneum stretching from these structures to behind the 


' Method of Klinefelter, Albright and Griswold (1) (slightly niodided). 
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bladder suggcslcd j-outkI lignnieiifs. Adjricciif. h'dcnilly to the rndimentaiy 
gonads were apparently normal t.ubes with fiml)riated ends adherent to 
the upper ])olcs. Fojds of peritoneum corresponding to the utcrosacral 
ligaments were well developed. 

Although t.hc gonadal st,ruetures had the innocent appearance of aplas- 
tic noiifunctioning ovaries, a hiop.sy seemed indicated. As the scalpel cut 
through the thick white capsule, it. revealed unsuspected dark brown tissue 
(Fig. 3). Frozen sections showed the tissue to bo composed entirely of 
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Fig. 2, Drawing of pelvic organs as seen at surgical e.xploration. 

seminiferous tubules identical with the picture of Pick’s “adenoma tubulare 
testiculare.” A tentative diagnosis of arrhenoblastoina was made. The 
second “gonad” on section displayed the same gross appearance as the 
first. Both gonads with their respective tubes and the left rudimentary 
uterine horn were removed as well as the appendix. Numerous congenital 
bands were found around the appendix and the ileocecal valve. Explora- 
tion of the upper abdomen revealed a right adrenal which, through the 
peritoneum, seemed to be about the size of an almond. The left adrenal 
was someAvhat smaller. 

Subsequent course: 17-Ketosteroid excretion in the urine had not been 
determined prior to operation. A belated 24-hour specimen collected im- 
mediately following surgery assayed 7.2 mg./24 hours. ^ This is well within 


2 Method of Pincus (2). 
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the- normal range. The postoperative course was uneventful. Six weeks 
later the patient reported that she felt well although she had lost about 
ten pounds in weight and was somewhat nervous. The onl}^ notable physi- 
cal change other than a pallid appearance was that the breasts seemed 
smaller and flabbier. Vaginal smears showed atrophic cells and many 
leukocytes. Not until three and a half months postoperatively did the 
patient volunteer the information that .she was ha-idng hot flashes and in- 
creased perspiration. Urinaiy gonadotropin assay at this time was positive 
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Fig. 3. Bisected right gonad. Note rudimentary 
fold suggesting gonaduct. 

for 195 m.u./24 hours. Oral administration of ethin 3 'l estradiol 0.05 mg. 
dailj^ produced prompt relief of sjmptoms. 

Psychologic aspects: Inquir^"^ into the psj'^chologic aspects of this case 
brought out the following information; The patient was of an affectionate 
nature and enjoj'-ed manifestations of affection from the opposite sex. 
However, she had always felt herself to be different from other girls in a 
verj’- indefinite sort of wa 5 ^ VTether this was due to her phj'-sical difference 
or to an actual psychologic difference is impossible to sa 3 ^ Since the opera- 
tion she is more than ever anxious for marriage and seems cheerful, happy 
and full of ^’italit 3 ^ 

Gross pathology : The material received consisted of two smooth, bluish 
white masses. One was from the right and the other from the left postero- 
lateral pehdc wall, with elongated rounded folds attached to each mass. 
There was a separate mass from the left posterior perinc wall and an ap- 
pendix. The right bluish white mass was 2.7x2xl.5 cm. On .section the 
surface was lobulated, soft, and brown in color with a scattering of firmer 
pale j’ellow discrete nodules from 0.4 to 1.4 cm. in diameter (Fig. 4). The 
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left, mass was 3 X 1.5 XI. 2 cm. On .section, the surface was similar to that 
of the riglit mass except that onlj'" one discrete yellow nodule 0.5 cm. in 



Fig. 4. Cross section of right goniul. XlO, Note 
tiiick tunica and discrete adenoma. 



Fig. 6. Cross section of left gonad. X 120. Note small calibered 
tubules and islands and strands of interstitial cells, 

diameter was apparent. The cylindrical structures were 2.5 cm. long and 
0.5 cm. in diameter; a narrow longitudinal area was dissected but other- 
wise the structures were covered by peritoneum. The separate piece of 
tissue measured 2x2X1 cm. ; one surface was white and glistening whereas 
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the opposite surface was dissected. On section the surface had a faintly 
striated pattern. 

Microscopic pathology: The two bluish white masses were similar in 
structure (Fig. 5). Each was covered by a collagenous fibrous tissue capsule 



Fig. 6. Cross section of left gonad. Note immature tubules, 
absence of spermatogenesis and islands of interstitial cells. 


from 2 to 3 mm. thick. Narrow fibrous septa containing irregularly dis- 
tributed groups of cells morphologically resembling Lej^dig cells cli\’ided 
the soft brown tissue into irregular lobules. This tissue was made up of 
cords which varied considerably in structure but in general resembled 
immature seminiferous tubules. The narrower cords had a central mass of 
basophilic, granular material and a single laj^er of peripheral round nuclei 
unth looselj'’ spaced chromatin granules. The centers of the wider cords 
were paler staining and contained more deeplj"- staining radial strands and 
small, faintly basophilic ovoid bodies. In these cords the cell membranes 
were often indefinite, the cytoplasm pale staining, and the nuclear chroma- 
tin more distinctly granular. The nuclei were all uniform in size and none 
of the cells displayed the characteristics of spermatogonia or Sertoli celLs^ 

’ A portion of the tissue fixed in formalin was later sent to Dr. Warren O. Nelson of 
the jModical School of Iowa State University for additional study. His report corrobo- 
rated the fact that the overwhelming majority of the tubular cells were relatively un- 
dilTerentiated. However, by special staining technic he was able to identify occasional 
Sertoli cells. 
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(Fig. 6). TJiere wc)-e no roic f iibulos. .SGclio7)s ni various levels of tlie folds 
wliich suggested gonediicls sliowod only fnf covered hy n thin layer of 
mcsotheliiiin. No epithelial structures were evident, Sections of the cephalic 
end of one of the rounded folds, however (h^ig. 7), .showed an indentation 
lined long narrow plicae covered by ciliated high columnar epithelium. 
At the open end, a wider plica on one border resembled a fimbria. The wall 
was composed of fibrous tissue with irregularly distributed smooth muscle 



Fig. 7. Cross section of cranial portion of rudimentary tube. X70. 


bundles. The separate mass from a lower level was composed of interlacing 
bundles of smooth muscle fibers containing some nerve structures and 
sinusoids characteristic of myometrium (Fig. 8). No epithelial components 
were noted in any of the sections of this structure. 

Pathologic diagnosis: 1) Fetal testes with adenomata, and hyperplasia 
of interstitial cells. 2) Wolffian agenesis. 3) Rudimentary Mullerian deriv- 
atives. 

DISCUSSION 

Although the preliminary diagnosis of adenoma tubulare testiculare of 
Pick (3) based on the microscopic picture was correct, the assumption that 
this represented a highly differentiated form of arrhenoblastoma of the 
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tjTJe described by Me 3 'er (4) was in error. Careful search both grossly and 
microscopically failed to reveal any vestige of ovarian tissue. Obviously the 
diagnosis was neither arrhenoblastoma nor ovotestis. These gonads were 
immature, sterile, crj^ptorchid testes shovdng the tj^jical adenomatous 
formation, small cahbered tubules without spermatogenesis, and increased 
development of interstitial cells described over and over again in the hter- 
ature (3, 5, 6, 7). This girl- (?) then was an intersexed indi\adual represent- 



ing another instance of male pseudohermaphroditism with Mullerian de- 
rivatives and complete agenesis of the Wolffian S 3 ’'stem. 

Incidence: TSTy did we fail to recognize the true situation at the time 
of operation? Pseudohermaphroditism is not such a rare condition. Ac- 
cording to Young (7) the incidence is as high as 1 in 1000 indi\'iduals. The 
literature is full of descriptions of various tj'pes of intersexuality. Clinical 
recognition of these has depended for the most part on the presence of ex- 
ternal genital anomalies. Surgical repair of hernias containing anomalous 
gonadal structures and laparotomies for intercurrent conditions have 
brought to light other instances but the condition has often remained un- 
suspected throughout life onlj- to be revealed at necropS 3 '. This is particu- 
larty true of the t 3 'pe of case described herein, exhibiting 1) completeh' 
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feminine hnbilus wilhont ;iny signs of innsenlinization, 
neconnled for by the absence of a normally developed 
(esles in lien of ovaries in the mtra-nhdnminal position. 


2) amenorrhea 
id crus, and 3) 


It is nol the i)nr])ose of (he authors to tidudale all (he recorded cases of 
this kind. Suffice i(. lo say (hat a review of hundreds of instances of 
pseudohermaphroditism in (,he available lifcraturc brought, to light only 
7 cases which fulfill the above criteria (5, S, fia, ()b, Oc, 10, 11). That the 
incidence is undoubtcdl^y much greater than the above figure would indi- 
cate seems likely, as many such individuals j^robably go through life un- 
suspected, undetected and unreported. 

Polhoc/encsis: ^Vhen we come to a consideration of the pathogenesis of 


this condition, we enter into a field of j)urc sj)ccidation. Is it due to a 
genetic or chromosomal fault at. conception or to some modifying ejiviron- 
mental influence in early embryonic life? Although at the present time this 
question cannot be answered dcfinitelj- for t he human being, a brief review 
of some of our present concept s of the genet ics and cmbryologj’’ of sex in 
correlation with the findings in this case maj’’ throw some light on this 
interesting problem. 

From the genetic standpoint., the sex of a zygote is determined at fer- 
tilization by the chromosomal content of the fertilizing sperm. The me- 
chanics is uncertain but. it is generally accepted that the genes synthesize 
enzymes which control the differentiation of tissues. The balance between 
the autoso'mes and a single X chromosome results in a male embiyo, two 
X chromosomes being necessary to produce a female. According to Gold- 
schmidt’s theory (12), tliis diffei’entiation is quantitative rather than 
qualitative and any quantitative alteration in balance between X chromo- 
somes and autosomes may give rise to various degrees of intersexuality. So 
much for the genetic factors. Progressing then from the conditions prevail- 
ing at conception, the next step is embryologic development. In the human 
being this is divided into three main stages: 1) the period culminating in 
the implantation of the blastocyst, or the first three weeks; 2) the embry- 
onic period, from the beginning of the fourth week to the end of the eighth 
week, characterized by rapid growth and diffel’entiation of tissues. It 
should be noted that during this period all the main systems and organs 
and the major features of the external body form are established; and 3) 
the fetal period from the ninth week to term characterized more by added 
increment of growth than by tissue differentiation (13). 

Through the first seven weeks of gestation there is no discernible differ- 
ence between the male and female embryo. Sexual differentiation com- 
mences at this time (17 mm.) and is usually complete by nine weeks (33 
mm.). Development of the gonads and that of the gonaducts proceed inde- 
pendently of each other at this stage under genetic control (14). This is well 
illustrated by the perfect development of the Mullerian system in those 
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cases with absent or aplastic ovaries (15). Fusion of the Mullerian ducts 
occurs at eight weeks (25 mm.). This failed to occur in our patient. The 
gonad of the male embryo at 20 mm. shows beginning interstitial cell for- 
mation but the tubules are composed entirelj’- of small undifferentiated 
testicular cells. Spermatogonia can be differentiated at 31 mm. (16). In 
our patient the interstitial cells were well developed but no spermatogonia 
were found. At eight weeks (25 mm.) the genital tubercle becomes bent 
caudally and can be recognized as the clitoris. In our case the clitoris failed 
to develop. Concerning the origin of the vagina there is some difference of 
opinion. Koff (17) claimed that approximately the lower one-fifth of the 
vagina is derived from the endoderm of the urogenital sinus. This would 
explain the perfect formation of the h 3 ’men and lower portion of the vagina 
in our case even though the remainder of the structure failed to de- 
velop. 

Recapitulation of the e\’idence suggests, but does not prove, that a ge- 
netic fault had been responsible for a confused differentiation of the genital 
system and that this differentiation, but not growth, had ceased at about 
the eighth week of gestation. All but two of the anatomic discrepancies or 
anomalies in this case have been accounted for. The two remaining to be 
explained are the absence of axillarj’- and pubic hair and the presence of 
large well-developed breasts. 

The significance of the increased development of interstitial cells in 
cryptorchid testes and in the testes of pseudohermaphrodites has not been 
satisfactorily explained. If the Lej’^dig cells are the source of the andro- 
genic hormone, as is claimed, one would expect increased masculinization 
under these circumstances. Such definitely was not the case in this patient. 
The observations of Cole et al. (18) are of interest in this respect. Thej^ 
reported that in the fetal horse, the testes, which are composed predomi- 
nantly of masses of interstitial cells, .showed a ver}'- high concentration of 
estrogens. Are these cells then the source of the estrogens responsible for 
the breast development and the cornified vaginal smears? The felativel}' 
small amount of estrogen therapj'’ one and one-half j’^ears prior to surgery 
plaj'ed very little part, as the breasts had been well developed before treat- 
ment was instituted. Were the adrenals responsible? Perhaps, but the e^^- 
dence again indicates that the testes, immature as thej^ were in respect to 
spermatogenesis, were capable of hormonal acti\^t 5 ^ Following castration 
not onlj’’ did the urinarj^ gonadotropin titer rise and flushes and sweats 
appear but the breasts definitel}’' became smaller and flabbier; and the vag- 
inal smear, pre\dousl 3 ’^ normal, showed atrophic cells. The question next 
arises as to the reason for the moderatel}'^ increased urinarj’ F.S.H. value 
in this patient prior to castration. For this we ha%'e no explanation to offer 
unless it be the absence or paucity of Sertoli cells (19). The lack of sexual 
hair remains to be e.xplained. None has developed under estrogenic ther- 
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apy. Androgenic t herapy lias not. been t ried nor lias a skin biopsy been done 
to ascertain the jiresence of hair follicles. 

Was the castration in this case justifiable? Under the working diagnosis 
at the time of surgery there was no alternative. In the light of our later 
conviction it is still justifiable because 1) there was removed prophylacti- 
cally a statistically important, focus for t he development, of new growths, 
'rile occurrence of neoplasms in crypt orchid testes and the gonads of known 
pseiidoherinaphroditic individuals is at least twent.j^ times more common 
than in the populat ion at large (4, 7) ; and 2) t he presence of t hese abnormal 
immature gonads contributed nothing which substitution tlierap}’^ would 
not adequately proidde. 

Finall}’’ we are faced with the philosophical question: into what category 
of sex shall we place this individual? P.sjmhe and external habitus were pre- 
dominately female. Histologicall}- the gonads were male — all male. Yet 
these testes, from the standpoint of spermatogene.sis, had never advanced 
bejmnd the fetal stage and hormonallj'’ would seem to lla^'e exerted more 
e.strogenic than androgenic cfTccts. Upon what, then, does the ultimate ba- 
sis for the determination of sex depend? 

SUMMARY 

A case is presented of a lO-j^car-old girl, tall, with eimiiclioid propor- 
tions, poorl}'- developed external genitalia, rudimentary vagina, absent 
clitoris, absent uterus and cervix, absent axillary and pubic hair, moder- 
ately high urinary gonadotropin titer and large breasts. Surgical explora- 
tion revealed two rudimentaiy gonads with “attached tubes” and two un- 
fused uterine anlagen. Biopsy of the gonads showed the typical picture of 
Pick’s “adenoma tubulare testiculare.” The gonads with their attached 
tubes and one uterine bulb were removed. Microscopicallj'', the gonads 
proved to be fetal testes with adenomata, immature seminiferous tubules 
and a hyperplasia of interstitial cells. 

An attempt is made to place the exact time in embiyonic life at which 
all the anatomic deviations occurred. This would appear to be during the 
eighth week of gestation and to be most likely on a genetic basis. 

Evidence is offered to suggest that the immature testes had been hor- 
monally active and that this activity was of an estrogenic rather than 
androgenic nature. 
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WEIGHT AND SUBSEQUENT DEVELOP- 
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T hat diaboJlc women fi-c(nion<Lv give hirih lo nmisinilly large infants 
is well Icnowji. Only reecntly, however, has il been emphasized that 
infants of excessive weight, may be boni to mothers before clinically appar- 
ent maternal diabetes mellit.iis develops (]). Thus, the average weight of 
infants born to jjrediabetic mothers considerably exceeds the normal (2). 
The combined fetal and neonatal mortality rate is high in the prcdiabetic 
group as well as in the diabetic (3), and similar fetal, Ausccral changes are 
present in both groups (4). This study was undertaken to ascertain how the 
birthweight of an unusually large baby can be correlated with the likeli- 
hood of the subsequent development of maternal diabetes, and to deter- 
mine the a^’erage time elapsing between the birtli of a large baby and the 
development of clinical diabetes. 

iMETHODS 

One hundred parous, diabetic women with an average age of 55.3 years, 
who remembered the birthweights of their children, constitute the diabetic 
group (Group 1). These indi^^duals were outpatients of the Washington 
University Diabetic Clinic or were hospitalized on the medical service of 
the Barnes Hospital. An equal number of parous women without glyco- 
suria or symptoms of diabetes, from the medical and surgical public wards, 
served as controls (Group 2). The controls were also largel}'^ beyond the 
childbearing age; their average age was 51.2 years. Each group was asked 
for the following information : 

1. Present age of patient. 

2. Age when diabetes developed (diabetics only) . 

3. Number of pregnancies. 

4. Birthweights of each child. 

5. Family history of diabetes (patient’s and hu^sband’s family). 

6. Birthweights of the patient and near relatives. 

7. Age of the patient at the time of delivery of her first “big baby.” 
Miscarriages, deaths in utero and premature deliveries were excluded 

Received for publication December 13, 1947. 
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from all tabulations and computations invohdng Groups 1 and 2. The age 
at the time of development of diabetes was chosen as that year in which 
the condition was definitely diagnosed by a physician. Any infant weighing 
10 pounds or more at birth was termed “big”; any infant weighing less 
than 10 pounds was termed “normal” (5). None of the babies in this stud}^ 
was born to a mother clinicallj’’ diabetic at the time of childbirth. In order 
to obtain data on a larger group of births, the birthweights of 1000 con- 
secutive babies whose births were recorded as occurring at full term in the 
St. Louis Maternity Hospital in the year 1927 were used as additional con- 
trols (Group 3). The- year 1927, although subsequent to the average date 
of birth of the infants in Groups 1 and 2, was the earliest j’-ear for which 
data were readily available. In compiling the data for Group 3, no attempt 
was made to exclude from the series births to diabetic women. 

RESULT.S 

Distribution of big infants : Three hundred and sixtj’- children were born 
to the 100 prediabetic mothers, and 315 were born to the control women of 

T.vble 1. Big Infants Born to 100 Pbediabetics and to 100 Controls 

(Groups 1 and 2) 


Status of Mother 


Infant 

Weight, 

lbs. 

Total 
Number 
of Big 
Infants j 

1 

j Prediabetic 

Control, with 
Positive Family 
Historj- of Diabetes 

Control, with 
Negative Familj' 
Historr' of Diabetes 

Number 
of Big 
Infants 

Percentage 
of Big 
Infants 

Number 
of Big 
Infants 

1 Percent- 1 
1 1 
age of Big: 

j Infants 

Number 
! of Big 
Infants 

1 

Percent- 
age of Big 
Infants 

10 or more 

144 

111 

77.1 1 

10 

6.9 

23 

16.0 

11 or more 

78 

68 

87.2 

4 

5.1 

6 ! 

7.7 

12 or more 

52 

47 

90.3 

2 

3.9 

3 1 

5.S 

13 or more 

24 

23 

95.8 

1 

4.2 

0 , 

0.0 

14 or more 

12 

12 

100.0 

0 

0.0 

0 

0.0 

15 or more 

3 

3 

100.0 

0 

0.0 

0 

0.0 


Group 2. A striking correlation between the birth of big babies and the 
prediabetic state is shown in Table 1. Of the 144 infants weighing 10 pounds 
or more, 77.1 per cent were born to women destined to develop diabetes. 
An additional 6.9 per cent were born to Group 2 (control) women with a 
positive family history of diabetes, whereas onlj' 16.0 per cent were born 
to Group 2 mothers with a negative family histoiy. Compared to the con- 
trol series, the preponderance of large infants coming from prediabetic 
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women incrcn.sccl ns (ho birdnvoight ro.so. For cxnmjilo (sco Table 1); 87,2 
per cent of ))a])ic,s weigliing 11 pounds or more wore born (o prodinbotics, 
and only 7.7 per cent were born to norma! women from a nondiabctic 
family. At the level of a birlhweiglit of 13 pounds or greater, 23 of 24 in- 
fants, or 05.8 per cent, came from prediabetie mothers. 

Frequency of big infants: Fift^v-eiglit per cent of fjie diabetic group gave 
birth to at least one big baby during (heir predial)e(io yeans. Afany pre- 
diabetic.s gave birtli to nioi'o Oian one big infant ; Ihiis, 111 big babie.s were 
born to 58 women. Twenty-.seven i)cr cent of (lie control group gave birth 
to at least one big baby, but 8 of the 27 were mother.s with diabetes in their 
familjn When all Iho-sc families with diabetes are e.x'cluded, it was, found 
that onlj'' 24.4 per cent of the remaining group have had at least one large 
bab 3 n Twcniy-f^ix of the 100 diabetic women gave birth to /iro or more big 
infants. In contrast, onl}'’ 5 of the Group 2 control women had two or more 
big infants, but diabetes sulx^cqucntl}^ developed in the sons of 2 of the.se 
5 women. Thus, onlj’- 3 of the control group with a negative famil}’’ history 
of diabetes gave birth to two largo infunis. 

Birthweight distribution: The extent to which the prediabetie state in- 
fluences the birthweight of the infant is also .shown in Figure 3. The dis- 
tribution curve of infant birthweights from the 100 mothers of the control 
group (Group 2) has its peak between 7 and 8 pounds, and rapidly falls 
off so that at a weight of 10 pounds onlj'^ about 2 per cent of the group are 
included. The distribution curve for the children of the 100 prediabetie 
mothers (Group I) is displaced toward the highei’ weiglits. Although the 
peak in this group also occurs between 7 and 8 pounds, the percentage of 
babies in the higher weight gi-oups is considei'ablj'- gi-eater than in the con- 
trols. Additional data on birthweight are charted in Figure 1, as obtained 
from a study of 1000 unselected consecutive births occurring in the St. 
Louis Maternity Hospital in 1927 (Group 3). The birth weight distribution 
curve of the hospital births corresponds closely to the curve pertaining to 
the control group of 100 mothers (Group 2). 

The average birthweight of children born to our prediabetie mothers was 
8.9 pounds or 4.0 kilograms, nhereas the aveJ’age birthweight of the chil- 
dren of the control mothers (Group 2) was 8.0 pounds or 3.5 kilograms. 
Statistical analysis of the birthweight data shows that the standard error 
of the difference between the means of Groups 1 and 2 is 0.144 pounds. Cal- 
culated on the basis of probability, a difference of 0.9 pounds between 
means is statistically significant. Our data are, therefore, in agreement 
with those of Miller (2) in demonstrating that the average birthweight of 
children born to prediabetie mothers is greater than that of children born 
to normal mothers. 

Latent period: In the 58 of the 100 prediabetie patients who gave birth 
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to big babies, the average age at the time of birth of the first big baby was 
22.9 j’-ears. Diabetes was diagnosed at an average age of 47.1 5 ^ears, and 
the “latent period” between the birth of the big baby and the development 
of clinical diabetes averaged 24.2 years. In this series the shortest latent 
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BIRTH WEIGHT IN POUNDS 


Fig. 1. Birthweight distribution curve of infants born to prediabetic and to control 
mothers. Dashed line: 360 births to 100 prediabetic mothers (Group 1). Solid line: 31.5 
births to 100 control mothers (Group 2). Dotted line: 1000 consecutive full-term births, 
St. Louis Maternity Hospital, 1927 (Group 3). 

period was I year and the longest was 46 years. Onh* 5 of the .58 patients 
had a latent period less than 10 years. 

Diabetes mellitus developing in big babies: Four of the 144 big babies 
here reported are known to have developed diabetes at an average age of 
IS.S years. In addition, 4 of the 100 prediabetic mothers were themselves 
known to have been big babies.. Thus, there, are 8 cases in which it is def- 
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initcly known tlinl- l)ig hnbicK Jinvc dcvolopod dinbolos. Tlircc of fhesc 8 
find <1 negative family liisloiy of diabetes but a positive fainilj’' liistory of 
big babies; Miese 3 developed dial)otes at an average age of 27.0 years. 

Prediction of maternal diabetes on basis of birthweight of offspring: The 
data thus far presented clearly deino/ist rate a relationship between unnsu- 
ally large babies and the i)rodiabetic state. It is important to know, thcre- 
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Fig, 2. Cumulative frequencies of infants born to prediabetic and control mothers cor- 
related with birthweight. Dashed line: 360 children of 100 prediabetic mothers (Group 1). 
Solid line: 315 children of 100 control mothers (Group 2). 


fore, whether one is justified in making a prediction of subsequent diabetes 
in a mother who bears a big baby. If the birthweight data from our diabetic 
women (Group 1) and our group of controls (Group 2) are used to construct 
a cumulative frequency distribution curve, or ogive (Fig. 2), the propor- 
tion of children above or below any given weight is readily obtained. These 
curves were constructed by calculating and plotting the percentage of 
infants weighing 3 pounds or less, the percentage weighing 4 pounds or less, 
and so on for each weight plotted. For example, from Figure 2 one learns 
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that 22.0 per cent of the children born to the prediabetic women weighed 
over 10 pounds, whereas only 4.5 per cent of children born to the controls 
were of this weight. The average age at which our prediabetic females gave 
birth to their first large babj'^ was 23 j'ears. A survey of large portions of the 
population indicates that at this age the chances of a woman eventuaUj’- 
becoming diabetic are 42.3 per 1000 (6). If 100,000 women aged 23 3'ears 
each gave birth to a child, 4230 children would be bom to women destined 
to develop diabetes. According to our findings, 22.0 per cent of these chil- 
dren, or 933, would weigh over 10 pounds. Of the remaining 95,770 children 
whose mothers would not eventually develop diabetes, only 4.5 per cent, or 
4300, would weigh over 10 pounds. If we were to have made the prediction 
of diabetes in the mother because she gave birth to a baby weighing over 
10 pounds, we would have been correct 933 times and wrong 4300 times. 
Oiu’ prediction accuracj' would, therefore, have been 17.8 per cent. A simi- 
lar analysis may be made for higher birthweight groups. Assuming we pre- 
dicted diabetes in the mother solely on the basis of the birthweight of her 
child, the prediction accuracj" for a given birthweight is as indicated in the 
final column of Table 2. It is apparent that the prediction accuracj^ in- 
creases steadily as the bu-thweight increases. Since the chances of any 
woman aged 23 becoming diabetic are 42.3 per 1000, the prediction accu- 
racy at this age is onlj’- 4.23 per cent (6), if one disregards the pregnancy 
record. However, when the woman’s pregnancj’- record is considered, it can 
be seen from Table 2 that the prediction accuracy may be increased four- 
fold to fifteenfold over the usual accuracj'-, depending on the weight of the 
abnormally large infant. The calculations made for women aged 23 serve 
only as an example ; the figures are roughly the same for women throughout 
the childbearing period, since the chances of a female becoming diabetic 
do not change appreciably until the age of 45 years (6).^ 

The figures in Table 2 should be regarded as only roughly approximate; 
thej”^ are based upon such assumptions as that prediabetic women have as 
man}^ children as nondiabetic women, that diabetes will not develop sub- 
sequentl}’' in our control Group 2, and that the chance of developing dia- 
betes is the same for parous women as for nuUiparous women. It is uncer- 
tain whether our prediction accuracy figures based on women giHdng birth 


' Prediction accuracy” calculations have also been made on the basis of the inci- 
dence of infants observed to be of a specific weight, rather than on the basis of the ob- 
served cumulative incidence of infants weighing over a specified weight as described 
above and presented in Table 2. The “prediction accuracy” figures for mothers bearing 
a single big infant, correlated with birthweight. when calculated in this manner are as 
follows: 10 to 11 pounds, 10.7 per cent; 11 to 12 pounds, 13.0 per cent; 12 to 13 pounds. 
45.2 per cent; over 13 pounds, 100 per cent. 



38(5 


JOSEPH P. KUISS AND PALMER 11. EirrCHER 


Volume S 


io bnbics in nboni, Ibo yenr 1020 wiJl bo oqn.'illy opplioable io 27 iothcrs giv- 
ing birlli to Ijnbic.s in 1947. II is rooognizcrl thnt IPirllnvcighi information 
oblnined l)y interview is 7)ot. ;is relialjle as that obtained from hospital 
records. We obtained information from onr diabetic women (Group 1) 
and onr oontvols (Group 2) ))y identieal methods in an attempt to control 


Taiu.i: 2. (\\i,<:iii,A’i'i:i) I’kocnostic .Sic.vii icaxci; or a I.ahoi; Inkaxt. Pi:i!ckxtac!i; of 
Morinajs Aori) 23 Yfaus axd IIfahixj: Bi<: Baiiifs Who May Bi: Exi’kctki) to 
Drvia.oi’ Diadktfs Miaa.rn’s SviisKQirrx'n.Y, C.’oititia.ATia) avith Sizi: or Ixfaxt 


Infant. 
Birth- 
weight 
in Ex- 
cess of 

Observed Incidetice 
Births of Specified 
Weight to 

(hilcn)jifefl Incidence of Birth.s 
of Specified M'eight to 

“Prediction 

Pre- 

diabetics 

Controls 

1 

Pre- 

diabetic 

.Mothers 

i 

1 Norm!il 

i .Mothers 

1 

1 Total 
• Mothers , 

1 ! 

Accurac}’’'! 


! 

1 

1 

per 

1 per 

i 

per 1 

[ 

Lbs. 

Per Cent | 

1 

1 Per Cent 

j 

' 100,000 
births’*' 

100,000 

l)irths’* 


Per Cent 

10 

22.0 

4.f) 

033 

4300 

5233 

17. S 

11 

IG.O 

2.3 

715 

2200 

2015 

24.5 

12 

fl.o 

0.4 

401 

383 

7S4 

51 .2 

13 

3.0 

O.I 

105 

* .00 

■ 201 

63.2 


* 100,000 birtlis to mothers aged 23, unsclcotod as to normal or prediabotic maternal 
state; the term “normal” is emj)lo 3 'ed to descril)e those mothers who AA’ill never develop 
diabetes mellitus. 

t Calculated incidence of prediabotic state in mothers bearing babj’" of specified 
weight: 

/calculated prediabetic births 
\ calculated total births / 


this factor.. It should be added that the prediction accuracy refers only to 
the possibility of developing diabetes and does not relate to the prediction 
of ?iot developing diabetes. 

DISCUSSION 

Both maternal and fetal factors must be considei-ed in attempting to 
establish why fetal giants occur so commonly in the prediabetic state. It 
is well known that babies tend to be heavier with longer gestational age. 
Prolonged gestation has been shoAvn (7) not to be common in the diabetic 
mother, and there is no reason to suspect it in the prediabetic. Maternal 
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obesity plays a role in the causation of large infants, according to Eastman 
(S) ; others assert that neither maternal obesity (2) nor maternal gain in 
weight during pregnancy (9) are causally related to fetal gigantism. H 3 i)er- 
glj'cemia in the mother and fetus has been excluded as a cause in the opin- 
ion of Miller (2) because, in a series of his prediabetic mothers bearing 
large babies, no evidence of diabetes presented itself on the basis of urine 
and blood sugar determinations at the time of deliver 3 ^ Eastman (10) has 
often observed diminished glucose tolerance during the postpartiun period 
in "normal” mothers bearing heavy infants. He does not believe, however, 
that maternal hjTJerglycemia is the sole cause of these large babies, or 
even the most important cause. E\’idence discounting hyperglj'cemia as a 
factor is the finding that experimental diabetes in animals does not lead 
to fetal gigantism; Miller (11) has recentlj" shown that the birthweights 
of rats, rabbits, and dogs are normal despite the presence of maternal dia- 
betes induced by alloxan. 

Consideration should be given to excessive production of maternal an- 
terior pitxxitarj^ growth hormone as a possible cause of fetal overgrourih, 
since hypertrophy of the anterior pituitarj^ and histologic changes in sev- 
eral of its cell t 3 Tpes are known to occur in normal pregnancj' (5). On the 
other hand, there is evidence that the pituitarj' of the fetus itself maj' play 
a role in fetal overgrowth. MiUer and his co-workers (4, 12, 13) have dem- 
onstrated, in babies born to prediabetics, increased numbers of eosinophil 
cells in the pituitarj' gland, splanchnomegalj', hj'perplasia of the adrenals 
and islands of Langerhans, and hyperplasia of the^ female genital organs, 
all of which findings suggest anterior pituitarj' overacti^■it 3 ^ Still another 
explanation for fetal gigantism, which allows for both maternal and fetal 
factors, has occurred to us. The fetus ma}-^ have an inherited defect, pos3ibl3' 
transmitted b 3 ’- either parent, which makes it unusuall 3 ^ susceptible to 
normal stimulation b 3 '- the maternal pituitar 3 \ Thus, although it ma 3 ^ be 
true that maternal endocrine functions are responsible for the anatomic 
changes in the giant fetus, it does not necessaril 3 ’- follow that these maternal 
functions are abnormal, or that the assumed defect in the fetus is located 
in its p^tuitar 3 ^ 


STOOIARY 

1. We have anal 3 'zed the birthweight data on infants born to 100 wom- 
en destined later to develop diabetes mellitus and on infants bom to two 
control groups. 

2. Our findings, man 3 ' of which corroborate the reports of others, lead 
us to conclude that: 

a. The birth of an infant weighing over 10 pounds ma 3 ' herald the devel- 
opment of diabetes in the mother. 
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b. Tlic nvernge birllnvoight, of infants bom to predinbolic mothers is 
greater than that of infants bom to jif)rfnal mothers. 

c. Monicn develojhng diabetes after tlie ehildbeaiing period arc re- 
cruited to a large extent from tliose mothers wlio give birth to babies 
weigliiiig over K) })ounds. 

d. Abiiomiall}" large babies are bom to predinl)eti{' women more fre- 
quently than to normal controls. 

c. Tlie periofi bet ween t he birth of the iii'sf .abnormalbv laigc ijifant and 
the development, of clinical diabetes in the mother averaged about 
24 years in our scries, with a range of from 1 to 40 years. 

3. 0]i the basis of our data, a table has been constructed permitting 
rough estimation of tlie accuracy with which one may })redict the sub.se- 
quent development of diabetes in a woman giving bii-th to a baby having 
a specified weight in excess of 10 pounds. It shows that as the birthweight 
of the baby rises, tlie jjrediction acaairacy increases ])rogrcssivcly and is 
greater than 60 per cent when the bab.y weighs more than 13 pounds. 
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INTRODUCTIOX 

S TUDIES of ilie Loydig cells of the testes have, to date, resulted in 
extrcnic confusion. Although the liistolog}’ has been well described 
there are numerous and conflic.ting reports about their embiyolog}", physiol- 
ogy and pathology. It would, therefore, be well to collect cases of the 
pathologic slates of these testicular ij)tcrstitial colls ajul to attempt to 
correlate them with some of the clinical endocrine changes, 

CASE REPORT 

The patient, a 54-year-old white farmer, developed hallucinations in 
1929 and was first admitted to a neurop.s 3 ’’chiatric hospital on June thir- 
teenth of that 3 '’ear. His case u’as diagno.sed as dementia praecox, hebe- 
phrenic type. He was single, and nothing unusual was noted about his sex 
habit, s. His use of alcohol was moderate, and he used snuff regularly. 
Venereal disease was denied. As a child he had mumps and pertussis. It 
is not known if there was oi’chit is with the mumps. He was said to have had 
small testes since childhood. 

Physical Examination: At the time of admission his temperature was 98° 
F.; pulse, 90 per min.; blood pressure 100/62; respirations, 20 per min.; 
height, 70j inches, and weight, 163 pounds. He had black hair, blue eyes 
and a clear skin. He was well developed, and his musculature was good. 
Eye, ear, nose and throat examination shouted only a slight hyperti’ophy of 
the left inferior turbinate. The thyroid gland was not enlarged. The heart, 
lungs and abdomen were normal. The testes were small and firm, no larger 
than those of a 10-year-old boy. The penis Avas normal in configuration 
and size, and the prepuce retracted Avell. No abnormalities of the ex- 
tremities Avere noted. Both internal and external hemorrhoids Avere present. 
Accessory Clinical Data : The complement fixation test for syphilis Avas 

Received for publication January 12, 1948. 

* Published Avith permission of the Chief Medical Director, Department of Medicine 
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negati^'e. Urinalj^sis showed no sugar or albumen, in an acid urine of s.g. 
1.027. The blood count was within normal limits. 

In 1934 the patient was transferred to this hospital, and shortly there- 
after a diagnosis was made of pulmonary tuberculosis,' chronic, bilateral, 
moderately active, with cavitation in the left infracla'vicular region. At 
that time results of the phj’-sical examination were essentially the same as 
five years previously, except for the chest findings. An examiner again 



Fig. 1. Right adrenal, showing large cortical adenoma (x2f). 

noted that the testes were small and undeveloped. The patient had well 
developed muscles, an average type of masculine voice and a male distribu- 
tion of hair. It was noted that there were no e\idences of endocrine disturb- 
ances. 

The course of the tuberculous process was progres-sive. On jMarch 3, 
1947 , the patient developed a tension pneumothorax and expired rapidly. 

Autopsy Findings: (Only the pertinent findings are included.) 

Gross Fmdings: The bod 3 " was that of a well built, well nourished adult 
white male. The musculature was well developed. There was a normal 
male distribution of hair and no erddence of g^mecomastia. In the pleural 
ca\'ities there were dense, fibrous adhe.sions at both apices. Most of the 
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left lung was atclcctaiic* and Ihoro was a large eavity and numerous smaller 
cavities in the apex. 'J'lic entire right lung was atelectatic. There was an 
acute bronchitis, and mucopurulent mnleri.ai occluded the smaller bronchi 
in both lungs. The left adi'cnal gland was jiormal grossly. The right adrenal 
contained a well circumscribed (mrtical adenoma, 1.7 cm. in diameter (Fig. 
1). It was bright, golden .yellow and showed no areas of hemorrhage or nec- 
rosis. The adenoma was well demarcated from the adjacent cortex. The 
penis Avas well deA’elopcd. The sfu'otum contained two small testes appro.xi- 
matcly equal in size. Only the light testis was rinnoved and this measured 



15 Xl2 XlO mm. It AA^as firm and cut AAoth moderate resistance. The tubules 
could not be strung out. The prostate AAms small and firm. The brain and 
the pituitary gland grossly shoAA^ed no lesions. 

Microscopic Findings: Sections of the lungs shoAA^ed large areas of case- 
ous necrosis AAUth tubercle formation. There AA'-as much scarring, atelec- 
tasis, and some small patchy areas of emph 3 ''sema. The larger bronchi 
contained purulent material in the lumina, and many mononuclear cells in 
the walls obscured the structure. There AA'-as destruction of the mucosa of a 
bronchus lying adjacent to an area of caseous tuberculosis. 

Section of the left adrenal showed only some delipoidizaltion of the cor- 
tex. The right adrenal contained a large OAml mass separated from the rest 
of the cortex by thin strands of fibrous tissue (Fig. 2). The mass AA^as com- 
posed of cords of large polyhedral cells Avith a clear cytoplasm and small 
dark nuclei. The mass Avas very vascular and Avas a Avell organized tissue. 
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The cortical cells of this adenoma and the remainder of the adrenal cortex 
showed delipoidization. 

Section of the right testis showed no e\ddence of spermatogenesis. Nu- 








Fig. 3. Section of right testis showing marked interstitial cell hyperplasia and absence 
of tubules. Hematoxylin and eosin ( X60). 


Fig. 4. Interstitial cells of the right testis. Hematoxjdin and eosin ( x244). 

merous sections showed onlj^ occasional tubules (Fig. 3). The basement 
membranes of some of these tubules were hj'alinized and thickened. The 
epithelium lining the tubules was tall and irregular in shape with clear cyto- 
plasm and small pj-knotic nuclei. The entire bulk of the testis was composed 
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of numerous cell mnssos sepnnited by smnll iimounLs of loose fibrous tissue 
(Fig. 4). There wns no definite rehifionslii]) of (hose cell masses to the blood 
vessels. Tlie cells eomprising these (dumps were large, round and irregularly 
polyhedral. The nuelei were lai-ge, sj)heri(;nl, wrinkled and contained coarse 
chromatin granules and one or two large Jiucleoli. Some cells were binu- 
cleated. The cytoplasm of these cells was eosinophilic and in many instances 
contained a large amount of granular brown pigment. Crystalloids and 
refractile lij)oid granules were not .seen. The t unica albuginea and epididy- 


Tahi.i: L Dn’riaiCNTiAt. (ra.i. (\u!XT or PirciTAiiY Gi.Axa) 


Cells 


A. Total ecll eount. 

Normal alpha cells 
Pyknotic alpha cells 

Total alpha colls 
Normal beta cells 
Pj’knotic beta cells 
Dcgranulatcd beta cells 

Total bct.'i colls 

Total chromoi)hobc cells 

Total cells — all types 

B. Normal cell count 
Normal alpha colls 
Normal beta cells 
Normal chromophobe cells 

Total norm.al cells 


Cell C/'oiint 

I I’er Cent 

1 Total 

;{20 


13(5 


•1.5(5 

34.7 

12.} 


•17 


37 


20S j 

15. S 

(lol 

49.5 

1.315 

1 

100.0 

320 

29.2 

124 

11 .3 

G51 

59.5 

1095 

100.0 


mis showed no interstitial cells and no changes. Sections of the prostate 
gland showed no changes. 

A differential cell count was done on the pituitaiy gland. ^ The findings 
are given in Table 1 and they are analyzed in two ways: (A) the ‘Total cell 
count,” which may show the preterminal distribution; and (B) the “nor- 
mal cell count” (undegenerated cells) which may show the terminal condi- 
tion. It is not possible to say how long the preterminal condition existed. 
If one assumes that the pyknosis is not a postmortem change (the patient 
was embalmed immediately after death and the autopsy was performed 


1 By Dr. H. N. Marvin, Department of Anatomy, University of Arkansas. 
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seven hours later), then the normal cells plus p 5 ’'knotic cells in each group 
gives the preterminal distribution. This showed a mild basophilic hj^per- 
plasia which is considered compatible with deficient production of male 
sex hormones. On the other hand, 24 per cent of the beta cells and 28 per 
cent of the alpha cells are pyknotic. This shows that the alpha and beta 
cells were undergoing degeneration at the same rate at the time of the 
autopsy. This could reasonably be interpreted as a' degeneration resulting 
from ternainal collapse. The results of the pituitary differential cell count 
are suggestive of hj^pogonadism. 

Anatomic Diagnosis: Bilateral caseous tuberculosis with ca\'itation on 
the left; fibrous pleural adhesions; old and recent needle punctures in the 
thoracic wall, bilaterally; bilateral pneumothorax and bilateral compres- 
sion atelectasis. Acute and chronic bronchitis with ulceration and muco- 
purulent material occluding the bronchi. Acute congestion and edema of 
the liver with beginning necrosis. Acute congestion of the spleen, fibrous 
peritoneal adhesions. Cortical adenoma of right adrenal. Atrophy of the 
testes with hyperplasia of the interstitial cells. Alild basophilic h 5 "perplasia 
of the pituitary gland. Small scar in medulla and retention cysts of the left 
kidney. 

DISCUSSION 

The case presented shows more than a simple hj'perplasia of the inter- 
stitial cells. The hyperplasia here is so great that the question of neoplasia 
may be legitimately raised. There is destruction and replacement of the 
tubules by the interstitial cells. This patient does, however, show those 
clinical findings ordinarily associated with hjq)erplasia, namel}’’, small 
testes, age past 45 years, and the presence of a chronic debilitating disease. 

There are associated endocrine factors in this case. There is an increase 
in the basophilic cells of the pituitary. The cortical adenoma of the adrenal 
is well formed and morphologicallj'- appears capable of being a functional 
tissue. The exact role of the adrenal in relation to the testis and pituitary is 
pureb" speculative. 

An interesting feature of hj'perplasia of the interstitial cells of the testis 
is the lack of associated Aurilism. Most patients with this change apfear 
to be either normal or slightb’’ eunuchoid (1) (2). The small testes are due 
to atrophy of the seminiferous tubules which comprise the greatest mass 
of testicular tissue. 

The effect of interstitial cell tumors is not consistent. A case of gjmeco- 
mastia associated nnth an interstitial cell tumor is reported b 3 ' Hunt and 
Budd (3) . On the other hand, three cases of precocious pubertj' occurring 
in cases of interstitial cell tumors are reported bj' Stewart, Bell and Roehlke 
(4). This conflict emphasizes the lack of full understanding of the nature 
and functions of the Leydig cells. 
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The iiorinnl or ciinnehoid !ij)pe;i ranee is jiol wliat- would l)e expected in a 
patient, wit h testes showing hyperplasia of cells snpi)oscdly capable of pro- 
ducing an androgenic substance (testosterone), which is credited with the 
development of the male secondary sex characteristics. "I'lius it appears 
that the hyperplastic; cells are nonfunctional. The i)ossibility of a secretion 
from the seminiferous tidjules must be considered. 

An interesting corollary to the findings in this ease is reported b}' Ras- 
mussen (5). Seven patients with ba.sophilism (not ])ituitary adenoma/;) were 
examined with special reference to the adrenals. Three showed change 
suggestive of cortical adenomas, t wo had cort ical adenomas and two had 
pronounced hypertrophy of histological^' normal cortices. 

Our patient shows both the basojihilism and the adrenal cortical ade- 
noma. The relationship of these changes to the interstitial cell hyperplasia 
is, at present, speculative (0). 

.SLLM.MAHY 

A case of unusual hyperplasia of the interstitial cells of the testis is pre- 
sented. 

Other interesting cndocrinologic features of the case are presented, 
namely, a basophilic hyperplasia of the pituitaiy gland and an adenoma of 
the cortex of one adrenal gland. 

Some of the questions posed by the various endocrine changes are 
discussed. 
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NECROPSY STUDY OF A CASE OF 
TURNER’S SYNDROAIE 

A CASE REPORT 

A. ATRIA, M.D., R. SANZ, AI.D., and S. DONOSO, M.D. 

From “A” Medical Service and Instiliito Anatomia 
Paiolbgica, Hospital Salvador, Santiago, Chile 

T urner (l) in 1938 described a s 3 Tidrome characterized 1) arrest 
or great delay in growth and ossification (dwarfism), 2) great delaj^ 
in sexual development (infantiUsm), and 3) congenital webbing of the neck 
and cubitus valgus. 

CASE REPORT 

In 1945 one of us (2) reported a case of this sjmdrome. The patient was a 
white female, 20 years old, with primary amenorrhea. Her father was an al- 
cohoHc. She was bom prematurely. Her feeding was artificial and insufii- 
cient, and her somatic development had been retarded since birth. YTien 
she was 6 years old she suffered a cranial trauma with loss of consciousness. 
Two 3 ’^ears later she had diphtheria. The serum with which she was treated 
caused serum sickness. 

Physical Examination: The bod 3 ’- measurements were those of a girl 8 
years old. Her face had a peculiar aged appearance, and the somatic pro- 
portions were definitel 3 ’’ eunuchoid. She had a congenital webbed neck, 
and neither mammary development nor sexual hair. The external genitalia 
resembled those of a girl 3 to 5 3 "ears old. The utems was about the size of a 
hazelnut. In the upper extremities a pronounced cubitus valgus was 
noticed. 

Roentgenograms of the skull, hands and ankles revealed a bone age be- 
tween 10 arid 14 3 ’-ears. 

A vaginal smear showed pronounced estrogenic deficienc 3 '- with complete 
absence of cornified cells. Urinar 3 ’- excretion of 17-ketosteroids in 24-hour 
urine specimens was, on the average, 3.5 mg. The basal metabolic rate was 
within normal limits. 

We could not perform quantitative gonadotropic hormone assa 3 's, but 
we injected the patient’s urine into a female rabbit, preriousl 3 ’ isolated for 
a month, according to the usual techmque. This caused the appearance of 
a great number of primar 3 ^ follicles in the animal’s ovaries. Thus an in- 
creased urinar 3 ’- excretion of gonadotropic hormone was demonstrated. 

Following the therap 3 ’’ recommended b 3 ’' Albright et al. (3) and Hamblen 
(4), we treated the patient with stilbestrol and small doses of desiccated 
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tli3Toi(l. vShe grew l.a eni., mikI her bod.v weight, inejensed 3.5 Kg. after 
three months of treatment. 

An intereniTonl. attack of acute appendiciti.s warranted a laparotomy. 
Tlie aj)pcndi.\' and a small ])icce of tlic left ovary were rcmo\'ed. The pa- 
tient died twenty* hours after the operation in what appeared to he acute 
cardiovascular shock. 

Autopsy Findings; 'The autop.sj' was done three and one-half hours after 
death. Tlic hochv liad an infantile appearance witli .scant}' mammaiy and 
genital development. A surgical median scar was noted on the abdominal 



Fig. ]. Brain. 

wall. The appendix and a small piece of the left ovaiy had been removed 
(biopsy). 

The positive autopsy findings were as follows ; 

1. The shortness of the neck Avas due to a congenital luxation of the 
atlanto-odontoid joint. The brain surface was normal grossly (Fig. 1). 

2. The internal genitalia Avere infantile. The uterus measured 3.5 cm. 
(% cervix, ^ fundus) . The ovaries were fusiform bodies weighing barely 
2.5 Gm. each. 

3. Lymphoid tissue was abundant in the inguinal and axillary regions, 
mesentery, Waldeyer’s ring and Peyer’s patches. 

4. There Avas marked lymphoid hyperplasia in the mucosa and sub- 
mucosa of the appendix. This Avas evidently related to the acute symptoms 
of appendicitis (Fig. 2). 
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5. In all the organs there were signs of acute vascular shock. 

Macroscopic and Microscopic Findings in Endocrine Glands: These 
findings are of particular interest since there appears to be no other de- 
tailed report of an identical case. The cases reported by Rossle and WaUart 
(5), Hegar (6), and Hegar and Freund (7), do not correspond exactly with 
this clinical entity. 

The pilintary was normal grossl 3 n We observed no regression, or altera- 
tions of the stroma or vascular sj^stem of the gland. The anterior lobe ap- 



Fig. 2. Vermiform appendix. Hem-eos. Xl2. 

peared to consist of cellular cordons arranged in follicles. The 3 ’^ formed 
small ca\'ities containing acidophil colloid (Fig. 3). Acidophil and chromo- 
phobe cells were predominant, whereas the basophil cells were scant 3 ' 
(Fig. 4). There seemed to be an abnormal^ high proportion of acidophil 
cells, but no cell count was made to validate this impression. Proportions of 
the different cell t 3 qDes in the anterior lobe vary greatU^ according to the 
different techniques used b 3 ' different observers; hence we did not think it 
wise to draw aiiA' conclusions as to the functional status of the gland (8-13). 

The thyroid was small. The follicles measured from 100 to 200 microns in 
diameter, the epithelial cells being low and the colloid abundant. There 
were several h^mphoid follicles present (Fig. 5). 

The pancreas was normal grossl 3 ’. The islands of Langerhans were normal 
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mi(M'oscni,i,.Mlly, ,„hI „n,l heln cells coul.l l,o c.sily dislinguishecl 

r/ic suprarenak weighed 21, Clin. The ideel wcighl. should he 1 1 Gm ac- 
coi-ding (o Ihc chi-ouologi(' ago of the paHeiil and 7 Gin. nccoiding to the 
somatic age (M). .Microscoiiically the general slrnctnie was intact, the 



Fig. 7. Suprareiiul cortex. Heni.-eos. X200. 


medullary part being well developed (Fig. 7). The cortical section appeared 
hypoplastic, especially in the glomerular zone. 

The thymus weighed 35 Gm. which was excessive for the patient’s 
chronologic and somatic age. The liistologic appearance was typically in- 
fantile with no tendency to fatty degeneration, and the parench 3 mia was 
well developed, the cortical zone being predominant (Fig. 8) . 

The ovaries were also infantile; their weight \vas 2.5 Gm. In the cortical 
part many primaiy follicles were seen; in the central part well developed 
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Fig. S. Thymus. Hem.-eos. x30. 



Fig. 9. Ovary. Hem.-eos. Xlo. 

follicles with a tendency to cystic degeneration were pre.sent. No rupture 
or luteal changes were noted. The absolute lack of growing and inter- 
mediate follicles was striking (Figs. 9, 10). 
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The oiulonieJriiHn of the uterus wns nlso infnutiJe m ehoraeter, 150 
inieroiis iiigh, witli ramified glands of liigh ejnthclium and acidophil cyto- 
plasm. Tlie st roma was latent in dovcloi)ment., with very few cells (Fig. 11)' 



10. Ovary. IFcni.-cos. Xo. 



Fig. n. Uterine endometrium. Hem.-eos. X45. 

DISCUSSION 

These anatomic findings supported our diagnosis. To explain the patho- 
genesis of the s 5 '’mptoms and signs on the basis of an intrinsic ovarian 
failure alone does not seem logical to us. Hamblen (4) also rejects this ex- 
planation. We suggest that the cause originates outside the ovary and is a 
congenital developmental defect affecting principally the ovaries and 
suprarenals. On this basis the retarded development of the patient con- 
tinued, ending in a dwarfism with eunuchoid proportions. 



May, ms 


NECROPSY IN TURNER’S SYNDROME 


405 


The large thymus and general lymphoid h^’perplasia ma3’’ be related to 
the hj’^poplasia of the adrenal cortex. This h3’poplasia maj^ bear some rela- 
tion to the inability of the patient to react adequately to the stress of the 
appendectom3\ 

SUMMARY 

a. The necropsj'^ and microscopic findings in a case of Turnerls sjmdrome 
are reported. 

b. The anterior pituitarj’’ gland was normal grosslj". A congenital luxa- 
tion of the-atlanto-odontoid joint, and ovarian and .suprarenal hypoplasia 
were noted. These findings seem adequate to explain the pecuhar charac- 
teristics of the dwarfism and infantilism. 

c. It is suggested that a congenital unknown cause interfered with 
normal embryologic morphogenesis, affecting principallj^ the gonads and 
suprarenals, and in a lesser degree the rest of the endocrine S3^stem. 
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H ITHEIUrO it has genornlly l)ecn thought tiuil to induce bleeding, the 
uterine mucosa Iiad first to be stimulated to proliferation b.v estro- 
genic hormone and that the secretory phase had sid)scciucntly to be in- 
duced by progesterone. The floscs required for this effect were from 30 
to 40 mg. of e.stradiol benzoate and from 25 to 40 mg. of progesterone. This 
cour.se of treatment lasted for twenty-four flays, and required eight in- 
jection.s of 5 mg. each of estradiol benzoate over a period of twenty da 3 'S 
followed bj’’ dailj’’ injections of 5 mg. of ])rogcsteronc for five daj^s. In man}' 
ca.se.s bleeding set in a few day.s after the jjjjeetions had been di.scontinued. 
Witli this form of therapy the patient received thirteen injections in one 
month. We think that sueh a cour.se should be a\'oided for the following 
reasons; 1) The prolonged treatment, which makes the patient dependent 
on the physician for a long period, intensities t he inferiority complex from 
which the amenorrlicic woman already sulTers. 2) The 40 mg. of estradiol 
benzoate necessary for the proliferation of the uterine mucosa exerts an 
inhibiting effect on the gonadotropic functioji of the anterior lobe of the 
pituitary (1), a result which is unconditionally to be avoided in amenorrheic 
women. If such treatment be continued for sevei'al months, the large doses 
of estrogens cause more harm than benefit, since, although uterine bleed- 
ing is thereby induced by local action on the uterine mucosa, at the same 
time spontaneous regeneration of the gonadotropic function of the pituitary 
gland is prevented. 

In 1942, Zondek (2) recommended a simplified treatment of amenorrhea. 
The formerly held view that bleeding can be induced only with the aid of 
progesterone acting on a uterine mucosa previously brought to full pro- 
liferation by estrogens, was shown to be incorrect. In normally menstruat- 
ing women it was found that the administration of 50 mg. of progesterone 
on the fifth to the tenth day of the cycle brought on a bleeding in the inter- 
menstruum lasting from four to five days (‘'intracyclic bleeding”), which 
was considered by the patients to be similar to a normal menstruation 
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(3, 4). Anatomic examination demonstrated that such bleedings had their 
origin in a tj^jical, thin, intermenstrual mucosa, containing few glands 
and no glycogen. It was thereby shown that progesterone alone is capable 
of inducing a bleeding even in an undeveloped mucosa and that the pro- 
hferation induced by estrogens is not an e.ssential prerequisite in the bleed- 
ing mechanism. 

These observations were then utilized in the treatment of amenorrhea. 
It was surprising to find that it required onlj' two to five days of treatment, 
with a total dose of 50 mg. of progesterone, to induce bleeding in amenor- 
rheic women. The dose of progesterone could be reduced to 25 mg., if 2.5 
mg. of estradiol benzoate were administered concurrentljq in cases of 
amenorrhea which were of not more than two j'^ears’ duration. It should 
again be emphasized that in this simplified method, bleeding originates in 
a thin mucosa, only shghtly proliferated. A minimal estrogen stimulus 
seems, however, to be necessary in primary amenorrhea since progesterone 


Table 1. Simplified Treatment of Amenorrhea with Hormone Solutions 


1 

Days of Treatment 

Estradiol Benzoate, j Progesterone, 

mg. i mg. 

Primary Amenorrhea 

0 

2.5-5 { 50 

1 

Secondary Amenorrhea 

1 

Of more than 2 years’ duration 

5 

2 

Of less than 2 years’ duration 

2 

1 1 
i 

— ! 50 

j . — ; 50 

1 2.5 .25 


alone is incapable of inducing bleeding, and from 2.5 to 5 mg. of estro- 
gens must be administered together with the 50 mg. of progesterone in the 
5-day treatment of such cases. Results with our simphfied method are 
summarized in Table 1. Our experience -ndth this method of treatment of 
amenorrhea has been corroborated by Berhnd (o), Finkler (6), Rakoff (7), 
and others. 

METHOD FOR SINGLE-INJECTION TREATMENT 

The foUoving data demonstrate that the treatment of amenorrhea may 
be further simplified and that a single injection may be substituted for the 
two to five injections hitherto required to induce bleeding. This can be 
achieved if estrone and progesterone be injected not as a solution but as 
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very niiiuite crystals (estrone) or in ainorplious form (progesf crone). The 
mcdianism of action will he reporlcd in another paper, and only brief men- 
tion will be made of this maltor in this article. Estrone and progesterone 
are dissoh'cd in an oi-ganic sol^'ent miscible will) water (a mixture of 
various homologoiis ester derivatives of tv-/5-flichlorhydj-jj)), and tlic hor- 
mones are precipitated from this solution in the syringe by the addition of 
saline solution.' d’ho crystals arc prccijiitated in so fine a form that they 
do not occlude the lumens of the needles used for inti'agluteal injections. 
Constanc}' of size of the preci})itafcd ciystals is insured by an optimum, 
proportion between tlie solution of the hormones and the pi’ceipiialor. 
The fact that the size and form of the hoi“moj)e crystals have under- 
gone a change as a result, of precipitation is shown by the following 
observations: a) crystallized estrone, which generally occurs in rhom- 
bic form, is precipitated by this process in the form of delicate, ice- 
fern-like needles; b) pj-ogesterone, generally' in the form of prisms and 
needles, is precipitated in amorphous foian, and crystals begin to form 
again only after a considerable length of time; c) the mixture of estrone 
and progesterone is also precipitated in amorphous form, and from this 
suspension progesterone crystals in particidar arc redeposit eel after the 
lapse of a certain period. Twent.y-four hours after the precipitates are 
injected subcutaneouslj’’ into ]’ats few ciystals of estrone can bo found, 
whereas many more cryst als of progesterone, rccrystallizcd from the in- 
jected mixture, are observed. If crystals of estrone and progesterone in 
their original form arc suspended in watci’, in which form the crystals are 
considerablj^ larger than in our preparations, bleeding cannot be induced 
in amenorrheic women by a single injection. It follows that the size of the 
crystals is of decisive significance. 


RESULTS 

We have excluded from our series those cases in which amenorrhea 
was but a symptom of general disease, for example, tuberculosis, diabetes 
and avitaminosis. In the patients treated, amenorrhea had either lasted 
an average of four years (secondary amenorrhea) or the women had never 
menstruated (primary amenorrhea). In all cases there was a distinct dis- 
turbance in the development of the genital organs, atrophy of the vagina 
and especially a definite hj^poplasia of the uterus, which was reduced to as 
little as 3 cm. in length. The fact that production of estrogenic hormone 
was diminished or nonexistent was proved by increased excretion of follicle- 


1 We are indebted to “Teva,” Middle East Pharmaceutical & Chemical Works, Ltd., 
Jerusalem, for supplying us with the preparation (Ambo-Pelletoids). 
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stimulating hormone in the urine (8) in all the patients with primarj^ 
amenorrhea and in some of the patients with secondarj^ amenorrhea (100 
M.u. or more per liter of urine). There was no development of the uterine 
mucosa, as investigated the progesterone test (3), in all patients with 
primary and in some vith secondarj-^ amenorrhea; that is, 50 mg. of pro- 
gesterone did not induce bleeding, which resulted only after the administra- 
tion of additional estrogenic hormone. In all our patients, strip curettage 
showed the uterine mucosa to be underdeveloped, the mucosa being thin 
and containing a few glands only in the postmenstrual phase. The vaginal 
smear showed diminished or absent estrogenic actirdty. There were a few 
patients with secondary amenorrhea showing signs of mild h 3 U)oth 5 Toidism 
combined with adiposity, who responded promptlj’^ with bleeding during 
our treatment. 

A detailed report will be published elsewhere. 

Primary amenorrhea 

We treated 5 patients with primarj’^ amenorrhea. 

Patients 1 and 2 each received 5 mg. of estrone and 50 mg, of proges- 
terone in a single injection, and both reacted after nine and ten daj^ in- 
tervals, respectivel}^ with bleeding lasting for four daj’-s. 

Patient 3 did not react. This patient was a 37-j"ear-old Avoman, who had 
aheadj' receir^ed several courses of hormone treatment of as much as 
tAventy daj's’ duration without success. 

Patient 4 receiA'ed three treatments at monthty inter\'als, each treatment 
consisting of 5 mg. of estrone and 50 mg. of progesterone. The patient re- 
sponded eA'erj" month with bleeding ten daj's after each injection. Although 
she receh'-ed- no treatment the fourth month, a spontaneous bleeding oc- 
curred after an interval of tAA-entj-^-four daj-^s. Since this time the patient has 
menstruated spontaneous!}" four times, at intervals of twenty-fir'e to 
twenty-eight days. The fact that spontaneous bleeding was obserA’ed in a 
case of primary amenorrhea suggests that our treatment may not only con- 
stitute substitution therapy i)ut may actually serve as a stimulus of the 
gonadotropic function of the anterior pituitary lobe, which regulates the 
bleeding mechanism. Similar results were obtained in the treatment of 
secondary amenorrhea, as reported in the next section. 

Patient 5 AA*as initially treated with 8 injections of 40,000 u of estradiol 
benzoate together with 5 mg. of progesterone OA-er a period of twenty- 
four days, but bleeding could not be induced thereby. This patient was a 
20-year-old girl in whom secondary sex characteristics were totally absent. 
After rectal examination, it was still doubtful whether or not a uterus A\-a.s 
present, but the introduction of a .‘speculum reA'ealed a cerA-ix the size of a 
pea. This obser\-ation justified the assumption that a minute uterus did 
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exist. This pnlient received JO mg. of esirone logelhcr witli 50 mg, of pro- 
gesterone in ;i single inject ion. Ton days later bleeding began, and con- 
timied for a six-day ])eriod. After a second treatment with 5 mg, of estrone 
together with 50 mg. of jirogeslerone, bleeding occurred after an interval 
of seven days. 

Scco/i da rij a men or Hi ca 

We have found in cases of secondary amenorrhea that, in oixler to induce 
bleeding, larger doses of progesterone must be given in the first treatment 
but' that these doses may i)e reduced in the secoiul and third treatments. 
This observation seems to be of interest, inasmuch as it shows that the 
body ma}' have been rendered more .sensitive to the action of the hormone. 

A patient with secondary amenorrhea resj)onds with bleeding after the 
injection of 5 mg. of esti-one and 50 mg. of j)rogest crone or, in milder cases, 
of 50 mg. of progesterone alone. The progesterone dose may then be re- 
duced by half in the second and third treatments, when 5 mg. of estrone 
and 25 mg. of progesterone suffice. According to our experience to date, 
we recommend from three to four treatments at monthly intervals in order 
to imitate the normal cycle. After .‘<uch a cour.se 5 of our 29 patients treated 
for .secondary amenorrhea have to date menstruated spontaneously. One 
of them menstruated thi’ce times, and 4 of them twice each, after intervals 
of twenty-two and t.went 3 xse^’en da.ys, respectively. Spontaneous bleeding 
in a case of primaiy amenorrhea has been reported in the previous section. 
The fact that ej-’clic estrone-progesterone treatment is capable of inducing 
spontaneous bleeding in .subsequent months support.^ the view that such 
treatment maj’- stimulate the gonadotropic function of the anterior pitui- 
tary lobe, so that the macliinciy of .sexual function is again set in motion. 
It is noteworthj'' that G. Smith (9) recommends C 3 ’'clic treatment as the 
method of choice to re-establish a normal interrelationship between the 
pituitary gland and the ovaries. 

Our single-injection method of treatment is satisfactory'- even in severe 
cases of secondary amenorrhea, as may^ be seen from the fact that 3 pa- 
tients, having amenorrhea for nine y'-ears, regularly'^ responded with bleed- 
ings lasting from three to five days duihig twelve ti'eatments. Bleeding was 
induced five times in a woman who had amenorrhea for five years; and 3 
patients who had amenorrhea for four years were successfully treated. In 
addition, among 10 women who had amenonhea for three y^ears, 8 re- 
sponded with bleedings. Since the average duration of amenorrhea in our 
cases was four years, it is clear that we did not select mild cases. Only 3 
patients who had amenonhea lasting for less than two years received this 
treatment. 
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SUMMARY 

To date 34 patients with amenorrhea have been treated. 

a) Five patients with primarj’’ amenorrhea received eight treatments, of 
which seven (87.5 per cent) were successful. 

b) Twenty-nine patients with secondary amenorrhea received forty- 
three treatments, of which forty (93 per cent) were successful. Bleeding 
began from seven to ten daj'-s after injection and lasted for an average 
of four days. 

CONCLUSIONS 

1) A new treatment of amenorrhea with a single injection of estrone and 
progesterone has been described. Estrone and progesterone, dissolved in an 
organic solvent, are precipitated in the syringe b}" the addition of sahne 
solution, the suspension being injected intraglutealh". 

2) The doses of hormone required in the single-injection treatment of 
primary amenorrhea are 5 to 10 mg. of estrone and 50 mg. of progesterone. 

3) The doses of hormone required in the single-injection treatment of 
secondary amenorrhea are as follows: In the first treatment 5 mg. of 
estrone and 50 mg. of progesterone should be administered. In the subse- 
quent treatments the dose of estrone” remains the same, but the dose of 
progesterone maj" be reduced to 25 mg.; or 50 mg. of progesterone without 
estrone may be used. This decreased requirement may indicate that the 
body has been rendered more sensitive to the hormones. 

4) Three to four treatments at intervals of four weeks should be given, 
and spontaneous bleeding should then be awaited. We observed spontane- 
ous cyclic bleeding in 5 patients with secondary amenorrhea and in 1 
patient with primary amenorrhea. This leads us to assume that the treat- 
ment not only constitutes a substitution therapj’’, but perhaps actually 
pro^udes a stimulation of the gonadotropic mechanism in the anterior lobe 
of the pituitary. 

5) Advantages of the suggested method of treatment are: a) Only one 
injection is required, a fact which is of psychological importance to the 
patient, b) The anterior lobe of the pituitary is not inhibited b}' the small 
dose of estrogenic hormone administered (5 mg.), c) The intraglut eal in- 
jections are well tolerated; secondar 3 ' reactions, such as pain, have been 
observed in only a few cases. 
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Olmt. it TV// rice. 51: 4 SO-1 01 (April) 1040. 

S. ZoNDKK, B.: Dhcr die Iformone de.s Hvpophy.^envorderlapiion.s; Follikolreifnngshor 
mon (Prolan A) — Klimaklorinm. — Ka.stration, Klin. )VrJin.sclir. 9: 30.3-307 (Alarcli 1 
1030. 

9. S.MiTH, G. V.; 3'herapy with female .se.v liormone.s, Xrw Enplnnd J. Med. 230: 339-341 
(Afareh 2.3) 1044. 


THE THIRTIETH ANNUAL MEET- 
ING OF THE ASSOCIATION FOR 
THE STUDY OF INTERNAL 
SECRETIONS 


GENERAL INFORMATION 

Headquarters: Reel Lacquer Room of the Palmer House, Chicago, Rlinois. 

Registration: Everj-^one attending the meetings is requested to register. A 
fee of SI. 00 \\dll be charged non-members of the Association. Membership 
cards should be presented when registering. 

The Scientific Sessions: The Scientific sessions will be held in the Red 
Lacquer Room of the Palmer House and programs will begin promptly on 
schedule. Papers presented at all meetings are planned for ten minutes and 
o’wdng to the heavy schedule must be kept vdthin this limit. Manuscripts 
of all papers should be submitted to the presiding officer or Secretary- 
Treasurer at the end of the presentation. 

Anmtal Dinnex: The Annual Dinner of the Association will be held on 
Friday evening, June 18th, at 7:30 o’clock in the Red Lacquer Room of the 
Palmer House, preceded by cocktails at 6:30 o’clock. Secure tickets at 
time of registration. 

Council Meetings: There will be a meeting of the Council on Thursday 
afternoon, June 17th, at 2:00 o’clock, and a luncheon meeting on Friday 
June 18th. 

Business Meeting: The Annual Business Meeting of the Association and 
Election of Officers will be held at 4:30 p.m., June 19th, in the Red Lacquer 
Room of the Palmer House. 

Local Arrangements: Dr. Willard O. Thompson, 700 N. Michigan Ave., 
Chicago, Illinois, is in charge of the local arrangements for the meetings. 

Secretary-Treasurer: Henry H. Turner, 1200 North Walker Street, Okla- 
homa City 3, Oklahoma. 

PROGRAM 

FRIDAY, JUNE IS, 194S 

8 ;30 a.m. Registration 

I. 9 :30 a.m. Red Lacquer Room 
J. S. L. Brow.ve, prcsidirig 
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P.si;ui)0-Oi,A.vi)i!i,.\u l)i.sTUi{ii.\Nci;.s. 
hy IIu}!;o IF Uoiiy 

Sy.vduomi: oi- OvrroHr'inDi.sM, IIi.-aut Di.scasi; AN't) Nr.vdU) Dkumatostk. 

hy S. J. Glfi.'^s 


CoN'.STlTrTIO.VAI, 


FuKfoi'rniT.K PtritnuTV G'o.vr 


iioM.Ki) iiv A.vdhogicx Tjri;uAi>r. 


l)y S. ('h.niio.s Frood jind .Minnie (Soldlxir/^ 

A Studv orriti: liinuo(:u\\.t. Ai'vivity A.vn riii: M.uisirviu: or E so oar. so us 
Axnjioars PnontrfTio.v r.v a Oa.^;!; »)r A.vniM:.vo(;r,.vn’Ar. SY.vnno.Mi;. 

1)3' An?io C. C.'irler /ind lCj)lir.'iini Sliorr 
P.‘^i:vi>niii:uM.\P}tnoi>isM. l-hni.r .i.vn Lati: Ur.roaynnos. 

1)3’ AI, .Iiiino.‘; Whitol.’iw 

Cmmcai., LAiton.vnjin', Oi’kua'I’ivi; a.vd Po.^r.Mr)!^’!’!:.)! Oii.skuv.vtio.v.s ix In- 

KAXT.S AN» Cim.nUK.V AVITIt Ml'I.'ril’M; Oo.VCKNTJ’AI. .Ma I-KOU.MATIO.N'.S (Tun- 
xi;iF.s Sa'xdiio.mj:, Ovaiua.v .A<;i:xi:.‘<i.s a.vd Pi;i,A’ri;n Comiiixation's). 

1)3' Frnnk L. Pl.nclito (introduced 1)3' ironr3' If. Turner) 

A Syxdro.mi: CnAnA(rn;uizi;i) iiA' lb'iM:i{cAu:i:MiA. Cai.cixosis, axd Rkxal 
I. xsuFFiciKXCY Foi.i.oAvixc Piioi-oxcKi) Tx’i’AKi; OF Cai.oium axi) Alkali. 

1)3' Cliarle.'! U. Purindt, Robert R. C'oininons (h)’ invitation), Fuller Albright 
and John K Howard 

HYi>orAR.AruYKon)r.s.\r, avit/i .Mk.V'Fal Tuouiu.ks A.vn ]C('ron/;R.ArAL Disoxidf.tis. 
1)3’ Manuel Villavenlo 

Trkat.mio.v'f of Far Advaxckj) Ixoj'KRAnLi; Carci.voma oftui; Breast avith 
Rstkookx.s AXI) Axdrooex.s. 

by Samuel G. Taylor, III, Danel3’ Slaughtci: (by invitation) and Frederick 
W. Pre.'^ton (1)3' invitation) 

Hormoxal FAcroR.s Lwolved ix 'niE Rkgul.v'itox of Body Temper.ature 
Durixg Menstrual Cycle axd Pregnancy. 

b3' Charles L. Buxton and William B. Atkinson 
The Effects of Certai.v S'i’eroid.s — Lvtraxiuscular a.vd Sublingual — O x 
THE Basal Body Temperature of tub Adult Hu.aian iMale. 
b}' Robert M. Perlman 


II. 2 :00 p.m. Red Lacquer Room 

C. N. H. Long, presiding 

12. A Simplified Hy'popha'sectomized Rat Adrenal Ascorbic Acid Bioassay 
Method for Adrenocorticotrophin (A.C.T.H.); Specificity and Applica- 
tion TO Preparative Problems. 

by Paul L. Munson, Alfred G. Barry, Jr. (b}' imitation), and F. C. Koch 

13. Content of Adrenocorticotrophic Hormone (A.C.T.H.) in the Rat 
Pituitary Under Optimal and Stressful Environmental Conditions. 

by George Sayers, Marshal Merkin (by invitation) and J. N. Tortoreto (by 

invitation). 

14. The Activation of the Adrenal Cobte.v rv Insulin Hypoglycemia. 

by H. Gershberg (by invitation) and C. N. H. Long. 

15. Influence of Adrbnotrophic Hormone on Sodium Excretion in Hy- 
pophysectomized Rats. 

by Betty L. Rubin (by invitation) and Ralph I. Dorfman 
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16. F.\ctors Influexcin'g the Corticotrophix Productiox of the Axterior 
Pituitary. 

bj’ Hans Selye 

17. The Use of Axdrexocorticotrophix as .a Test of Adrexal Cortical 
Reserve. 

by George W. Thom, Peter H. Forsham (by inintation), Lillian Recant (by 
invitation) and A. Gorman Hills (by ini-itation) 

IS. Observ-atioxs ox the Pituitara'-Adrexal Respoxse Folloivixg Epixeph- 

RIXE IXFUSIOX IX M.AX. 

by Lillian Recant (by inidtation), Peter H. Forsham (by ini-itation) and 
George W. Thom 

19. F.ate axd jMetabolic Actiox of Ixtr.avexouslt Admixistered Adrexo- 
CORTICOTROPHIC HORMOXE (A.C.T.H.). 

by Thomas W. Bums (by invitation), George Sayers, Prank H. Tyler (by 
inidtation), B. V. Jager (by inidtation), T. B. Schwartz (by irndtation), Emil 
L. Smith (by inidtation) and L. T. Samuels 

20. jMetabolic Chaxges Follovtxg the Admixistr.atiox of Pituit.art Adrexo- 

CORTICOTROPHIC HoRMOXE (A.C.T.H.) TO NORMAL HuMAXS. 

by H. T. iMcAlpine (bj’ invitation), E. H. Venning, L. Johnson (by inidta- 
tion), V. Schenker (bj- invitation), M. M. Hoffman and J. S. L. Browne 

21. The Effect of Adrexocorticotrophix ox Axtibodt Levels ix Normal 
Human Subjects. 

by P. H. Herbert and J. A. de Bries (introduced bj’ J. S. L. Browne) 

22. A Comparison of the Effect ox Bone Form.atiox of the Htper.adrexo- 
coRTicisM OF Cushing’s Syndrome with th.at Induced by Adrexocortico- 
trophic Hormone (A.C.T.H.). 

b}' Frederic C. Bartter (by inidtation), Anne P. Forbes and Fuller Albright 

23. Adrex.al Cortical Uxrespoxsivexess ix Patients with Gastric Cancer. 

by Edward C. Reifenstein, Jr., N. F. Young (bj’ invitation), Aurelia Potor 
(by in-vitation), Benedict Duffy (by invitation) and F. Homburger (by 
imdtation) 

24. The Excretion of Adrex.al Met.abolites in Hum.ax Urine. 

by Konrad Dobriner, Seymour Lieberman (by invitation) and C. P. Rhoads 
(by imitation) 

m. Annual Dinner, Friday, June 18. 

7:30 p.M. — Red Lacquer Room, Palmer House 

Presentation of E. R. Squibb and Sons Award for 194S 
Presentation of Ciba Award for 1948 

Presentation of Ayerst, ^IcKenna and Harrison Fellowship for 1948. 

by IVarren 0. Nelson, Chairman of the Committee on Awards 1947-48 
President’s Address: C. N. H. Long, Yale Unii'ersity 

SATURDAY, JUNE 19. 1948 
rv. 9 :00 a.m. Red Lacquer Room 
R. G. Hoskins, presiding 

25. Preparation of Crystalline Grouth Hormone. 
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l)y .liu'ol) H. Fisliiimn (In- invitjifion), Alfrorl K. Wilhclmi (by invilntion) and 
.lane A. Hussell 

1 hi; iNrniiKN'cM; or Puhikiki) Giiowth IIoioionk on- Fastixc Mktadomsm. 

i>y Clara M. Sze^o and Abraham White 

Uxi’iiKourrAiu,!: EiTinTs ok Giio\rrn IIoiimonk Phki’aua'i'ions on Nithookn 
Stohaok. 

by I’aul Bartlett (by invitation) aji<l Oliver 11. Gaebler 
.SiMrnir.s i.N Guo\rrn. I. Tin: ICkkki'I'.s ok Andhook.v in Gioa.vtism and 
AenoMnoAiiV. 

by Laurence W, Kinsell, George I). Michaels (l>y invitation), Ghoh Hao Li 
(by invitation) and William E. Iiar..^en (liy invitation) 

Tin: Ekkkot ok Iodini: Inji:(”Tions on ICvKucy Mhtahomsm and Pi.asma 
Photkin-Bound Iodink ok Rat.s. 

b}’ S. B. Barker and IL ,1. Lipner (liy invitation) 

Tin: Ekkkct ok Pituitaiiv and NoN-I’rrurrAHY Gi.and Faitohs on tiii; 
ronM.\TioN OK iNTiiACK.i.i.in.AU CoM.oiD Dkoi'i.kt.s IN Till: Tiivhoid Gland 
IN Vivo and in Vrnio. 
by Samuel Dvoskin 

Inactivation ok tiii: ICxodiitiialmic, TiivnoTnoKic and Kktogknic Prix- 

Cn'LKS OK AnTKHIOII IbTUITAUY EXTUAI'I' IIY loDlN.VTION. 

liy William MeK. JefTeric.s 

Ni:n-i:u Mktiiods ok A.ntaconizino Hyi’kutiiyuoidis.m. 
l)j- Rolicrt IL Williain.s, Rene F. TaKiion (by invitation), Herbert Jaffe, 
(by invitation), Beverly T. Towery (liy invitation) and Walter F. Rogers 
(by invitation) 

Tiik Usk ok Radioactivb Iodink (I 131) in tiii: Study ok Normal and Dis- 
OKDKRKD Thyroid Function in Man. 

bj"^ Sidney C. Werner and Edith Quimby (b}- invitation) 

Thk Ekkkct ok Thyroid Stimulating Hormonk on thk Function ok 
Human- Normal and Malignant Thyroid Tissuk. 
bj^ J. B. Trunncll (by invitation), R. W. Rawson, L. D. Marinelli (b 3 Gnvita- 
tion) and Ruth Hill (by invitation) 

Thk Rglation Betwkkn Inkant BiuTinvKiGHT and Subsequent Dea elop- 
MENT OK Maternal Diabetes Mellitus. 

by Joseph P. Kriss and Palmer H. Futclicr (introduced bj" C 3 Til M. Mac- 
Bryde) 


V. 2 :00 p.m. Red Lacquer Room 

A. T. Kenyon, presiding 

36. Absorption and Excretion ok Chorionic Gonadotrophin When Admin- 
istered Intramuscularly to Women. 

by J. T. Bradbury and Willis E. Brown 

37. The Renal Clearance ok Chorionic Gonadotrophic Hormone in Preg- 
nancy AND IN Neoplasm of the Testis. 

by C. F. Gastineau (by invitation), A. Albert and L. M. Randall (by invita- 
tion) 
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38. The jMetabouc Response to Chorionic Gonadotrophin in Young Men. 

by Kathryn Knowlton (by invitation) and Allan T. Kenyon 

39. Blood Gonadotrophin Studies During Pregnancy in Relation to the 
Fetal Sex. 

by H. E. Nieburgs and Robert B. Greenblatt 

40. On the Principal Estrogenic Constituents of the Urine of the Stallion. 

b}’ Louis Levin 

41. ^Mechanism of Inactivation of a-EsTRADioL by R.\t Liver in Vitro. 

by R. H. deMeio (by invitation), A. E. Rakoff, A. Cantarorv and K. E. 
Paschkis 

42. CoZYM.\SE IN THE HePATIC InACTIV.^TION OF a-EsTR.^DIOL. 

by Richard L. Coppedge (bj’ invitation), Albert Segaloff, Herbert Sarett (by 
invitation) and Aaron Altshul (by invitation) 

43. Interference rtth Estrogen-Induced Growth in the Fem.ale Genital 
Tr.vct by Folic Acid. 

by Roy Hertz 

44. The Rel.ation of Folic Acid to the Action of Estrogens. 

by Irene T. Kline (b 3 ’ invitation) and Ralph I. Dorfman 

45. Fluorescent Phenomena of the Vulva Associ.^ted with Sex Hormone 
Metabolism. 

bj' M. Sydney Margolese 

46. Testicular Deficiency: A Clinic.al .and P.athologic.al Study. 

by R. Palmer Howard, Ronald C. Sniffen (by ini-itation) and Fred A. Sim- 
mons 

47. A Comparison of the Effect of V.arious Androgens on the Tempor.al 
Muscle and Organs of the Castr.ated M.ale Guin'ea Pig. 

bj' Charles D. Kochakian and Jane Harrison Humm (bj' inAutation) 

VI. Annual Business Meeting 

5:00 p.M. Red Lacquer Room 

Papers to be Read by Title 

48. The Use of ^YHOLE Adrenal Cortic.al Extract in Experiment.al Infec- 
tions. 

by Erwin P. Vollmer, James D. Gillmore (bj’ invitation), Leo CraATtz {hy 
inAutation) and J. E. Samsel! (bj' inAutation). 

49. The Work Perforaiance of Adren-alecto-aiized R.ats Given Co.vtinuous 
Intr.aa’enous Infusions of Glucose. 

bj' Divight J. Ingle and James E. Kezamis (bj* inAntation) 

50. Sublingual Adahnistr.ation of Desoxycorticosterone Acet.ate in the 
Tre.aaient of Addison’s Disease. 

bj' EA'eh'n Anderson, Lawrence W. Kinsell, hoy C. Daniels (bA* inAntation) 
and EdAvard Henderson 

51. Excretion of Adren.al Met.abolites Folloaatng the Administr.ation or 
.\drenocorticotrophic Horjione to Korm.al Human Subjects. 

IiA' Eleanor H. Venning, V. E. Kazmin (bj* inAntation), Miriam Ripstein (hj- 
inAntation), H. T, Mc.Alpine (by inA'itation) and M. M. Hoffman 



•ns 


imu)(;ha.m 01- Tiiiirni-rrii annual .mhutino 


J'nhnnc 8 


o2. 

o:l 


on. 


nO. 


n/. 


fxS. 


59 . 

GO. 


Gl. 


62 . 


63 . 

64 . 


65 . 

66 . 


Tni: I'A'riurr nr 11 -l)):iiYi)iU)r;oin’i(;osTf;i!n.vr; o.v Fucm, Pat ExciiKrios. 
hv Or.-u'o P. Boif'iior {hy iiivit.-iUoii), Kof'or A. Lf;\vis (hy invitation), Frances 
^V. Stout (hy invit.'itioii), finorf'c W, 'I'liorn and Kendall Piner.^on, Jr. 

.A.v PsTiM.vrioN or Tin; (^itaxtitv or 1 1-17-0.\YsTi:i»m) I‘L\cai;T;o.v nv tiik 
Human' .-VnuKNAi, SriMuuATr.n »y AOTIl. 

liy A, Gorman Hills (by invitation) and Gcor/^o \V. Thorn 
Isolation or Uiunauy STciuuns ruoM a P.vtiiint m'ith Ai’I’akiint Adkk.nal 
InvoMTvMI.'NT. 

hy A. M. .Miller (hy invitation) and Ralph I. Dorfman 
Tin; PrriKrr fir Aimr.NAi.Kf-roMY and Dr.sfi.NYC'onTicosTrno.Ni: Ackt.vti; 
An.Mi.NisTnATio.v UPON Tin; 1'jCC! Uk.spo.n.si; or Tin: Kat to Cardiac Gi.a'co- 

SIDKS. 


hy Ilerhert S. Kiippcnnan, Joseph G. Renton (Iiy invitation) and Arthur 
C. DeGniff (hy invitation) 

Acriv.vno.v fir Tin; Adrii.vai. Chiim;.v i.v Uilma.v ,S['hji:ct.s Foi.r.owi.vf: Ei.rc- 
troco.nvui.sivi; Tiiiirapy (IC.C.T.) a.vd V.^rcuoMoron Striiss. 

hy R. A. CloKliorn and A. J. Goodman (hv invitation ), R. P, Graliam, jM. H. 
Jones ami N. K. Rnhlec 

PrrKcT or Adri;,nal Cortic.vl Co.mpounds on EnKcTRODvri; Mktabolism 
or a R.vpik.nt with Addi.son’.s Di.sra.si; DuiiiNf: IIioh Sodium Chloride 
Intake. 

liy Aurelia Rotor (Iiy invitation), Nelson P. Young (hy invitation), P. 
ITomburgor (h}' invitation) and Edward C. Rcifonstein, Jr. 
NiTROGE.VSPARINf: (PROTKI.V-A.NAIIOLIf') .‘\mON OK ThYROID HoRMONE. 

hy J. Rupp (hy invitation) ami K. E. Paschkis 
Thiouracil Eri'Kcn' on Pla.sma and Liver Protein Concentr.-vtions. 
bj-- James II. Leatliem 

Radioiodine Ui-take rythe Thyroid a.s an Aid in DirrEREXTiAL Diagnosis. 
by S. M. Seidlin, E. Oshr,v (hy invitation), I. Rossnian (by invitation) and 
L. Leiter (by invitation) 

Thy'roid Uptake of Radioactive Iodine in the Nor.mal and Hypomet.v- 
noLic Human. 

by Alartin Pcrimnttcr (hy invitation) ami Peter H. Forsham (bj^ invitation) 
Cellular Involution in tub Thyroid. 
by Nathan B. Friedman 

Methyl Thiouracil in the Treatment of Thyrotoxicosis. 

by Grosvenor W. Bissell, John M. Benny (bj-^ invitation), Victor Totah (b}- 
invitation) and Florence Gilbert (bj-- invitation) 

Modification of the Estrual Cycle of the Ewe by the Use of Proges- 
terone; THE Effect Upon Subsequent Ovulation Rate and Fertility 
OF Ova. 

by R. H. Dutt (by invitation) and L. E. Casida 
Effects of Various Estrogenic Preparations on the Vaginal Mucosa. 
by Mildred Vogel (by invitation), Thomas H. McGavaclc and Joseph Mellow 
(by invitation) 

The Use of the Vaginal Smear in the Assait of Estrogens Given Orally 
OR Intramuscularly. 

by Willis E. Brown and J. T. Bradbur}-- 
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67. The Similarity of Estrogenic Effect in Premenstrual Tension, Men- 
strual Anom.\lies, Chronic Cystic AIastitis and C.^ncer of the Breast, 

by Joseph H. Morton 

68. Hyperestrogenism Tre.\ted myth Lactogenic Hormone (Prolactin). 

by hlanuel Villaverde 

69. The Factor of Rhythm in Experimental Menstruation. 

bj^ Doris H. Phelps 

70. Hormon.\l Pellets in the Man.agement of the hlENOPAUSAL Syndrome. 

by Robert B. Greenblatt and Roland R. Suran (b 3 ' invitation) 

71. The Effect of Hypophysectomy on the Ovul.\bility of the Ov.^ri.yn 
Follicle of the Domestic Hen. 

by Iridng Rothchild and R. M. Fraps 

72. Prognostic Value of PregnanedioE Excretion in Thre.atened Abortion 
WITH Speci.al Reference to the Effects of Diethylstilbestrol. 

by A. R. Abarbanel 

73. Further Studies on the Endometrial Cups of the Pregnant Mare. 

by H. H. Cole and G. H. Hart 

74. Inactivation of Posterior Pituitary' Antidiuretic Hormone of the Liver. 

bj' W. J. Eversole, J. H. Bimie (bj' im-itation) and Robert Gaunt 

75. The Estimation of Dehydroisoandrosterone and Related Compounds 
IN Hum.an Urine by a Modification of the Pettenkoffeb Reaction. 

by Richard L. Landau and Kathleen Lugibihl (by im-itation) 

76. Clinical Ey'aluation for 17-Ketosteroids by the Rapid Method. 

bj' T. H. McGavack, S. Kenigsberg, A. hi. Shearman and K. J. Drekter 

77. The Application of Paper Partition Chromatogr.yphy to Ketosteroids. 

bj' Robert B. Burton (bj' imitation), Alejandro Zaffaroni (bj' im-itation) and 
E. Henry Keutmann 

7S. A Rapid Modific.ation of the Zimmermann Test for ICetosteroids. 

by Sidnej' Pearson and Sylvester Giaccone (bj^ inYUtation) 

79. A Fluorometric IMethod for the Determin.ytion of Estrone and Estra- 
diol IN Human Urines. 
by Joseph W. Jailer 

SO. A Clinical Bio-Assay for Chorionic Gon.ydotrophin. 
by A. Albert 

81. Specificity of a Colorimetric Method for Dehydroisoandrosterone 
IN Urine Extr.acts. 

bj- Paul L. Munson, hlarj- Ellen Jones (bj' imitation), Philip J, McCall 
(bj' imitation) and T. F. Gallagher (by imitation) 

82. The Colorimetric Determin.ation of Sodium an-d Its Application in the 
Study of Sodium and Chloride Balance. 

bj- Joseph W. Goldzieher and Gilbert Stone (bj- im-itation) 

S3. Depression of Lymphocytte Count After Or.ally Administered Glucose. 
by Paul A. Marks (bj- imitation), Dorothj- T. Marks (bj- inritation) and 
Joseph W. Jailer 

84. Pitfalls in the Diagnosis of Diabetes. 

by Bernard A. V'atson 

85. Electrolyte Balance Studies in the Uncontrolled and Controlled 
Diabetic St.yte. 
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S7. 


SS. 


hy Jonaf; WcihsIuT): (hy 'I'liDiiias II. .MeOavnek, A. M. Shear- 

man (hy invi(ation) anrl I. ,1. Drektor 

Thk Konv; or tiik Knuocuini; (Jn.vN'n.s i.v Body 'rii.Mrr.u.mun; Rroun.vrio.s. 

Ity II. F. Nicliur^t’' atid Rohorl B. Crmuihlutt 
Thk LirucKN’K’ Activity or Fitoi-Yi/nimiruAcii., Tim’tn;.vYM'ina>iioKTHYnK.NE 
.KSi> lIi:.\i:.<nioi, i.\ CincKi;.\.<. 

Iiy R. Georiro Jaap 

Tin; I.M'i.uK.vci; or Tin: IVrrrr.vuY Gr.v.vn on Bnoon Vrsar.i, Dkvki-oi'mknt. 
Tin: ICrrrcT or Conci;ntu.\ti;i) Piti-it.aky FxTu.vi'ro.vTin: Isoi.ati;i) Kidney. 


Uy Roller! C. Moelili}' and liouis JalTe (liy invitation) 

Sn. Rkkvet.s or PiioEoNCKi) Medicai. 'I’uK.vr.MKNT or Oiiksity with Diet Aeone, 
Diet and TiiYiioii) Pin;rAU.\Tio.v.<, and Diet and Ami’Hetamine. 
liy Daviil Adlcr.slior^ and Martin K. Mayor (by invitation) 
no. Tin; UiiETjiiiAE S.meak in the Nou.mae IIh.man Maee. 

hy Milrlroti T. Vo^ic! (hy invitation), Thoma.s II. MoGavack and Henry 
Kaininandol (hy invitation) 

01. Tin: Si’EciiTc Ovaiitan IIvoeiie.mic* LvDirciNn lArrEcr or Lutkinizino and 
Luteothoi’iiic IIoiimone.s. 

hy Herbert S. Ktipperinan, 11. .McSlian and Roland K. Meyer 




PROGRAM OF THE 1948 
LAURENTIAN HORMONE 
CONFERENCE 


Forest Hills Hotel, Franconia, New Hampsliire 


Because of limited accommodations, attendance is by imdtation, but the 
Committee on Arrangements udll receive applications for membership until 
June 15, 1948. Applications should be addressed to; Dr. Gregorj’^ Pincus, 
Chairman, Committee on Arrangements, 222 Maple Avenue, Shrewsburj’-, 
Massachusetts. 

I. Steroid Hormone Metabolism “in vivo” and “in ^utro” 

Some aspects of Progesterone Metabolism 

Dr. G. F. Marrian, University of Edinburgh 

Monday, Evening, September IS 

Recent Developments in Our Knowledge of Estrogen Metabolism 
Dr. R. D. H. Heard and Mrs. J. C. Saffran, McGill University 
Tuesday Morning, September IJi 
The Metabolism of Androgens by Tissues 
Dr. Leo T. Samuels, University of Utah 

Tuesday Morning, September I 4 

The Metabolism of Estrogens with Particular Emphasis on Chnical As- 
pects of Physiology and Function of Ovarian Hormones 
Dr. Albert Segaloff, Alton Ochsner Medical Foundation 
Tuesday Evening, September I 4 

II. The Role of Hormones in Tissue and Body Metabolism 
The Antihormone Problem in Endocrine Therapy 

Dr. James H. Leathem, Rutgers University 

Wednesday Morning, September 15 

Integration of the Metabolic Effects of Adrenal Cortical, Thjuoid and 
Growth Hormones 

Dr. Abraham White, University of California at Los Angeles 
Wednesday Morning, September 15 

The Alterations in Aletabolism Incident to Administration of Insulin, 
Adrenalin and Thyroid Substances, Studied with the Aid of Iso- 
topes 
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],)h, ])EWrn' S'l’K'iTKX, Ju., Harvard UniverHlij Medical School 
Wcdnccdai/ Svcniin/, September 15 


'J’lie Pancreas as tlie Guardian of Uie Liver 

Dh. Chakles it. Pe.S'J’, Univermhj of Toronto 

Thursday Morninf/ Scplcmbcr 10 

Metabolic Cliange.s in ]\Ian T'ollowing Adrenal and Pituitary Hormone 
T’hcr;\]\v 

Dr. George W. TbiORK, Harvard Universiit/ Medical School 
Thurcdaij Monti tig, September 16 


III. N E UR 0 1 1 UM O R A r^H YPO'r J I A LA M 1 C P E LA'I’ I OiVSH I PS 

Adrenal Function in Mental Disea.se 

Dr. Gregory Pevcus, Dr. Huosox Hoaglano, Dr. Harry Free- 
max and Mr. Free EnMAairAX, Worccatcr Foundation for Experi- 
mental Biology 

Thursday Evening, September 16 

Alanifestations of Altered Autonomic and Humoral Functions in P.sycho- 
neiiroses 

Dr. Robert A. Cleghorn, and Dr. B. F. Gr.\ham, McGill University 
Friday Morning, September 17 

Effects of Hj^pothalamic Lesioms on Water and Energ}^ Metabolism in the 
Rat 

Dr. James A. F. Stb\'ensox, Yale University 
Friday Morning, September 17 

IV. Thyroid Physiology axd Function 

Physiologic Reactions of the Thju’oid Stimulating Hormone 

Dr. Rulon W. Rawson and Dr. William L. Money, Massachusetts 
General Hospital 

Friday Evening, September 17 

The Metabolism of Iodine as Disclosed by the Use of Radioiodine (1131)^ 
Dr. F. R. Keating, Jr., and Dr. Alexander Albert, The Mayo 
Clinic 

Saturday Morning, September IS 

Radioiodine as a Diagnostic and Therapeutic Tool in Clinical Medicine 
Dr. S. M. Seidlin, The Montefiore Hospital 

Saturday Morning, September 18 , 
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SPONTANEOUS AND EXPERIAIENTALLY INDUCED 
UPTAKE OF RADIOACTIVE IODINE IN AIE- 
TASTASES FROM THYROID CARCINOMA: 

A PRELIAIINARY REPORT*t 

S. M. SEIDLIN, M.D., E. OSHRY, B.S., akd 
A. A. YALOW, Ph.D. 

From the Medical Division and the Medical Ph^jsics Research Laboratory, 
Montefiore Hospital, Xew York, N. Y. 

M etastatic carcinoma of the thjToid can be successfull3' treated 
with radioiodine when the lesions concentrate this isotope (1). The 
usefulness of this method depends upon the percentage of cases in which 
such concentration can be demonstrated. A technique of inducing uptake 
of radioiodine in metastases that preUousl}" showed none would increase 
the usefulness of the method. Clinicallj’^ we have been successful in induc- 
ing such uptake in several cases with subsequent amelioration of the dis- 
ease. 

In a recent publication hy Marinelli el al. (2), it is reported that “ap- 
proximatel^' 15 per cent of thjnoid cancers ma^' be expected to accumulate 
radioactive iodine in some degree.” This conclusion is based on findings in 
a selected group of 19 cases modified bj’^ an estimation of relative frequencj' 
of various tj-pes of thjnoid carcinoma. 

The present paper is a report on 14 unselected cases of metastatic thjToid 
carcinoma stud ied at jMontefiore Hospital up to June 1947. 

Received for publication March IS, 194:S. 

Presented at the Twenty-ninth Annual ^Meeting of the .■Association for the Study 
of Internal Secretions, Atlantic City, Xew Jersey, June 7, 1947. 

t This work was aided by grants from the Dazian Foundation for Medical Research 
.and from Mr. and .Mrs. .M. Lincoln Schuster. 
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r.'irifxifui: from oDO fo '_*()()() niirrorurios of r.'iflionctive ioflino 
(I’’'') w'viv .'ulmiiiistorcf! orally lo prilirnl.-' oti tioiir<‘.-tricf('fl tlii'ls. All urine.' 
\vcr(.M’ol}c(’((’(l for at Ica.'^t tlio lir.st forty-ciuilit hoiii> ara! .■-tndird for radio- 
activo i(aliu(‘ rontcut. lAuly-ciirht llOllr.'^ aftf-r tho <lo'<‘ was a<l!uini.stercfl 



Fig. 1 

in vivo readings were taken with a Geigcr-Alueller counter to 
the degree of localization' of radioactive iodine in the thyroid 
the metastases. The cases listed as positive for uptake iu 
indicated b3'- external Geiger counter measurements are those m 
there was no doubt that the lesion contained a significantly higher con 
tration of radioiodine than a control area. The cases listed as 
those in which it was not possible to demonstrate such a concentia 
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In the later cases of the series, quantitative measurements were made to 
determine the percentage of the administered dose concentrated in the 
gland. 

In cases submitted to biopsies radioautographic studies were carried 


CASES QRTn-TW&pT.T ■HBaa.TIVg' TOUA-IESD WIGH T.S.H, OR I* 



IHEAllfElIT • 

STAroS ATTSE Et 

E.A. 

1 * 

(103 me* - 80f^ excreted 

in flret 4 days) 

Unknown, patient 
left hospital. 

¥,B. 

T.S.H. 

(1 cc. Annoura T.S.H. daily 
4-5 weeks} 

Hegatire 

A..B. 

1.8 .E. 

(2 cc. Armonra T.S.H. daily 

17 times) 

HH 

j.r. 

(100 me. - 82 jt excreted 

in first 4 days) 

HU 

IH 

!• 

(10 me. 1 ^* *v 705t excreted 
in first 4 days) 

HHf 


Bie other four negative oaaei nere not treatel in an 7 imy. 

Fig. 2 

out. A “large tracer” or a therapeutic do.se of radioiodine was administered, 
usually fort3^-eight hours before the procedure. The tis.sue obtained at 
biops3^ was imbedded in paraffin and sections cut, ten microns or less in 
thickness. The paraffin on at least 3 sections from each block was removed 
with X3dol, an estimate of activit3' was obtained in a Geiger counter and 
the shdes were exposed to a photographic emulsion for a variable period 
of time as determined from counter measurements. After the necessarv 
exposure time, the slides were removed from the emulsion and stained and 
the films developed according to usual photographic technique. 

RESULTS 

As indicated in Figure 1 , five out of the 14 cases showed uptake in at least 
one metastatic lesion the first time radioiodine was administered. Subse- 
quentl3', radioautographs were made from tissue removed from six of the 
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hi p:i<ion<s. In nil Ihoso rnsns Iho radioanfognipli showed dofinile eonecn- 
Iration of rn<iio:!ctive iodine in'ilu; niatnsiniic lissno. In one, exlernnl 
incnsureinenls had nol, indieafed uplakc, showirifi; (h{i( (he radioanto- 
graphie (cehnique. wlicn feasible, is more sensitive Ilian exiernal measure- 
men Is. 

All the At’' cases had previously liad a roniplclc or nearly com- 

plete thyroidectomy (B.B. and L.TT. (H)) or a snblotal thyroidectomy 
followed by x-ray treatment. However, not all patients who had had 
partial thyroidectomy and x-ray treatment, showed radioiodinc uptake 
In' motastases. 

In some “negative” cases an altern])! was made to iiulncc uptake of 
radioiodine by jiretreatment with thyrotrojiie liormone of the pifnitaiy 
(T.S.H.) or by jicrforming a “radiation thyroidcctomj'” through admini- 
stration of a large dose of radioaidivc iodine. The results are shown in 
Figure 2.‘ Of the 'two cases treated with T.S.H. the results were po.sitive 
in one and negative in the other. 

Radiation thyroidectomies were attemjited in 3 patients. One of these 
left the hospital too early for the results to be erxiluated. In the other two, 
iodine uptake was induced in metastatic lesions. In one, J. F., there was 
a metastatic lesion in the skull which .showed no ujjtake of I* at first. 
Neither a .short series of injections of thyi'otropic hormone nor a short 
course of thiouracil therapy caused an}’’ detectable I* uptake in tliis 
inetastasi.s. Tlierefore, a 100 milliciu-ie dose of was administered. Six 
weeks later a tracer dose was given and Geiger counter readings showed 
definite uptake in the skull lesion. Tlie other patient, L. L., originall}^ 
showed no uptake in a lesion in the sternum. A 10 inillicurie dose of I* 
was given. The next tracer dose about 2 months later shoAved uptake in 
this lesion. 

Figures 3, 4, 5 and 6 are microphotogi'aphs of slides from the tumor 
tissue of patients listed in Figure 2 before any treatment was instituted. 
The last three are examples of highly differentiated tliyroid tumors Avhich 
did not concentrate radioiodine until stimulated by thyrotropic hormone, 
directly by injections of T.S.H. or indirectly by thyroidectomy. 

In addition, in a “positive” case, M. S., the uptake of radioiodine in the 
tumor tissue was increased several-fold by a course of injections of T.S.H. 

On each of 8 patients Avho had received radioiodine therapy, 1 to 5 
curves of radioiodine concentration in the blood were taken. All of them 
were similar in shape to the one shown in Figure 7. HoAvever, after the first 
day, the radioiodine concentration in the one Avho had a “total” thyroid- 

^ The symbol I* used in this figure and througliout the article is the standard abbrevi- 
ation for radioactive iodine. 
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Fig. 3. Patient W. B. Section of tumor .shoff^ Jiighly anaplastic 
tissue with some areas of differentiation. 



Fig. 4. Patient A. B. Section of tumor sliows marked differentiation; 
definite follicle formation nitli colloid. 
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ectomy was at a higher level than in any of the others. It appears that the 
level at which the curve flattens out may be an indication of the amount 
of normal thyroid tissue present in a given patient. 

COMMENTS 

In 1940, Seidlin (4) demonstrated.the ■i'nach’rahon of T.S.H. by normal 
thyroid tissue, both in ^dvo and in vitro. About two years later the in 
■\dtro experiments were confirmed by Aub and his associates (5). Whatever 



the chemical reaction that takes place at the site of inactivation, the end 
result is stimulation of the thyroid tissue. This has been repeatedly dem- 
onstrated for normal thyroid tissue, both in ^dvo and in -idtro. 

Letter, Seidlin, Marinelli and Baumann (3) have shown that at least in 
the two patients, B. B. and L. H., the metastases function in man 3 '’ respects 
hke normal thyroid tissue. In our completelj' thjToidectomized patient 
(B. B.) intramuscular injections of thjTotropic factor were not followed bj* 
the appearance of T.S.H. in his urine. We felt justified in concluding that 
his metastatic thjToid carcinoma inactivated the T.S.H. (1). 

In a patient who has both normal thjToid tissue and metastatic thj'roid 
carcinoma, the administered I* goes primarih* to the normal tissue. The 
normal thjToid also competes successful^ for the T.S.H, in the blood, 
and consequently' for the circulating or administered iodine. The above 
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two pro(;(!ss('s iiro sop.'inilo roncfions altiioupli the scfoiul accelerates the 
(ivst. Thyroidectomy (surgical or radiation) enables the tumors to renal, 
with more T.8.H. In the process of inactivating the ''JbS.H. the tumor is 


likely to be stimulated to a liigher level of functioning activity and to take 
up iodine (Fig- 8). 


I 



Intact FVatient 


JI 



Intoct Pa<i<jr\f during injcciions 
With T.S M. 


Ill 



Paficnf who hod +hyroidccfomg 

I. Surgery 

2 Rodiution 

J. Chcrn/col 


Fig. S. Diagnim representing meclianisin of increasing uptake 
of radioactive iodine bj' thyroid carcinoma. 


We, among others, were of the opinion tliat tlijo-oid carcinoma metas- 
tases possessing an adult type of structure are more likely to pick up iodine 
than those with an embryonic or anaplastic structure. This is 7ioi ahoays 
true. The slide of J. F. (Fig. 5) illustrates a tumor with well differentiated 
follicles containing colloid, which shoAved no iodine uptake until after 
radiation thyroidectomy. HoAA'-ever, in patient D. Y. we find radioiodine 
uptake in nondifferentiated, anaplastic areas as Avell as in differentiated 
ones. This is illustrated in the slides shoAAoi in Figures 9a, 9b, 9c, prepared 
by Vr. Titus Evans (6) of Columbia University, using his technique of a 
combined histologic section and radioautograph. 

The determination of the other factors which must influence the pickup 
of iodine by thyroid carcinoma metastases, in addition to the already 
demonstrated factors of histologic sti-uctui-e and available supply of 
T.S.H., requires considerable future investigation. 




Fig. 9a. Patient D. Y. Section of 
tumor (X 160) shows well differenti- 
ated follicles not showing any uptake 
of radioiodine: however, there is some 
uptake of radioiodine in the nondiffer- 
entiated tissue. _ 

Fig. 9b. Patient D. Y. Microphoto- 
graph (X 640) shows uptake of radio- 
active iodine in nondifferentiated 
thyroid tissue. 

Fig. 9c. Patient D. Y. Microphoto- 
graph of radio-autograph (X 300) 
showing various degrees of radioiodine 
uptake by different follicles. 


SUM.MARY 

In 14 nnselected cases of metastatic thyroid carcinoma studied with 
ladioactive iodine, uptake of the isotope was demonstrated in S (.57 per 
cent). The radioiodine uptake by the metastatic carcinoma was more 
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(-•lo.scly to I ho dogrco of prcroding Ihyroidcotoniy ilinn to the 

hislolofj^ic stnKduro or “(yf)(>’’ of flic tissue. 

Ill eases in whieh initial studios wifli radioioflino rlo not show concen- 
tration in (ho niotastasos, siieh eonoontration may ho induced by cither 
thyroidoetoiny ,{sur/i:ieal, radiation or chemical) or injections of thyrotro- 
pic hormone. 
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AGEING IN APPARENTLY NORMAL MEN. I. 
URINARY TITERS OF KETOSTEROIDS AND 
OF ALPHA-HYDROXY AND BETA-HYDROXY 
KETOSTEROIDS' 

HOWARD B. HAMILTONr AI.D. A^'D 
JAMES B. HAAIILTON=’ Ph.D. 

Frojn the Department of Anatomy, Long Island College of Medicine, 

Brooklyn, New York 

T he relation of ageing to the structure and function of the various 
tissues and organs of the body is in need of objective study. As a 
move in this direction, an attempt is being made to study in a comprehen- 
sive fashion the endocrine status of 57 apparently normal men, with a range 
in age of 21 to 75 years. It is our further intention to describe the extent 
to which the endocrine state, as reflected in urinarj^ titers of certain steroid 
hormones and gonadotropins, is correlated with the degree of development 
and maintenance of slightly more than a score of special items which are 
either secondary sex characters or influenced in some lesser fashion b 3 ' sex 
hormones. 

The present account pertains to the total amounts of ketosteroids ex- 
creted by 51 men in this series and to the respective proportions of alpha- 
and beta-ketosteroids. Brief mention is made, however, of the medical 
examination and battery of tests used in this survej'’. 

It should be noted at the outset that one of the most important and 
certainly one of the most difficult aspects of this endeavor has been the 
selection of a group of normal indixdduals; and, above all, a comparable 
group of young, middle-aged and old men. The manner in which the prob- 
lem has been met is of prime consequence and is discussed in the immedi- 
atelj’- succeeding paragraphs. 

Received for publication December 2, 1947. 

^ The term "ketosteroid” is used in preference to the more commonly used desig- 
nation, “IT-ketosteroid.” The use of this term is based upon the fact that the compounds 
recovered by the methods employed include 3-, 17- and 20-ketosteroids (Lieberman and 
associates (1). The alpha-ketosteroids refer to the hj'droxj- compounds not precipitated 
upon the addition of digitonin to the neutral ketonic fraction. The beta-ketosteroids 
include hydroxy compounds that are precipitated upon treatment with digitonin. 

- These data were presented before the .American A.=sociation of .Anatomists in 
1947 (2). 

‘ This work has been supported in part bj' grants from the American Cancer Society 
upon recommendation of the Committee on Growth of the Xatfonal Research Council, 
and from the Nutritional Products Foundation, Inc. 
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Prociurmenl of Aorniol Su})j(Ttf;. The origiii/ii inloiif ioii wns Mint the old 
iiU'n to lio used in this shidy would he, selected from e liomc for. retired 
seiloi's, but this institution, like other honu^^ for the nged, was found to 
hons(! in.'uiy ailinj!; num who had l)e(m admitted Ixicanse of ehronie illness 
and inability to n'ceiA'e ade(|nate care at liome. d'here scomcfl to be no 
satisfactory way to delineate in this })oj)\dalion a group which would he 
a true sam])le of ageing males and ?iol f)ne loaded with those chronicalh' 
ill, for cxami)le, with num partially disabled by c/irdiae decompensation 
or arthritis. 


An alternative which had seemed a priori to otter good possibilities was 
the (dioice of subjects from men employed in an industrial concern or de- 
partment store, l^rcliminary inspection of the j)ersonncI in two large com- 
panies emjihasized, however, the extent, to which such subjects varied in 
their liA'ing conditions at home and in some instances e^'en in their type 
of ph3’sical work. ]3ecaus(! of i)rovisions for retirement of men in the 
seventh decade of life few jiersons were available in the older groups. 

A third source, a jirison, aj)peared to ])rovide the most sati.sfactoiy group 
of .subjects. They lived under an identical regimen. They had not been 
institutionalized because of jdiysical disability, but. because at an earlier 
time they had disobeyed the law. Furtliermorc these men were free to 
devote the requii’ed seven to sixteen days apiece to this study. It is super- 
fluous t.o a humorous degree to emphasize that, the routine of life was reg- 
ulated in a similar fashion for all the men under study. Moreover, the use 
of such a group avoids the errors inherent in comparisons of age groups 
selected from different, communities, such as would occur in contrasts of 
3'-oung men who are medical students with old men who li^m in a home 
for the aged. To be sure, the prisoners are obviousl}'^ not a cross-section 
of the population of an area, but the men in different age groups were 
suflicientlj'^ similar as a group to permit comparisons. The prison in which 
these studies were carried out is a large one in the city of New York. Its 
inmates were committed for sentences usuallj'^ of less than three years for 
Climes such as embezzling, petty larcen}'-, and picking pockets. 

Precautions w^ere taken to avoid weighting of the group of subjects with 
certain types of men who are present in large numbers in prisons. Omitted 
from this study wmre homosexuals, narcotic addicts, and those confined 
to the hospital of the prison or with knowm histories of tuberculosis or 
untreated lues. In an attempt to insure further uniformity the surve}'’ wms 
restricted to white men. 

After observing the above jirecautions the men were chosen at random 
simply by drawing names from the list of prisoners in each age group. 
This was done to avoid selection or rejection on the basis of appearance or 
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past experience mtli the men. These men were then informed of the purpose 
of the study and allowed to accept or reject the mentation to serve as 
subjects. More than 95 per cent of the men chose to participate, parth' 
from boredom perhaps and partly because of a desire to obtain a thorough 
medical examination. 

The men were quartered in a separate section of the prison while under 
study, and with one exception cooperated wholeheartedl3- in the investi- 
gation. During the period when thej’ were under study the5^ did not engage 
in phj’^sical activities or in the tasks ordinari^' carried out as part of the 
routine of the prison. 

The range in age of the subjects was 21 to 75 3'ears. Eleven men were 
in the third decade of life, 9 in the fourth, 11 in the fifth, 10 in the sixth, 
7 in the seventh, and 3 in the eighth. 

Examination of Subjects. Thorough ph3*sical examinations of each per- 
son were made separatel3^ b3’' two of the group of investigators. In some 
instances the medical histor3’' obtained from each subject was supple- 
mented from the files of the prison and hospital. Laborator3’' work consisted 
of hematological studies, including total and differential counts of blood 
corpuscles, hematocrit, corpuscular constants, hemoglobin level and sedi- 
mentation rate; chemical studies of the blood; routine minah'sis; an ex- 
tensive roentgenographic investigation; a limited series of anthropological 
measurements, including specific gra\dt3’' of the bod3- and standardized 
photographic records; and a batter3’- of common and uncommon measure- 
ments of the morphological and ph3'siological status of each subject, 
especialty of tests pertaining to the degree of development of various 
secondar3" sexual characters and of almost all items known or believed to be 
influenced b3’- sex hormones. In selected subjects, special surve3’s were 
made of the semen and the cardiovascular status; the condition of the pros- 
tate as judged b3' rectal palpation; C 3 *tological stud3' of prostatic smears; 
and histological examination of testicular biopsies. The following descrip- 
tions are restricted to procedures used in obtaining data related to the titers 
of ketosteroids in the mine. 

Collection of Urine. Urine for the stud3’' of ketosteroids was collected for 
three to six da3’s. The exact number of da3's of collection for each man is 
stated in Table 1 . All samples of ur'me were obtained over consecutive 
periods of hours and da3''s. As other means of disposal were not pro%'ided, 
no urine was lost madvertentl3'. Small indmdual containers were kept in 
the cell of each prisoner where the3' were available at all times. .At inter- 
vals of six hours these bottles were emptied into five-gallon carbo3'S con- 
taining 30 per cent sulfuric acid in amounts sufficient to maintain the 
urine at a pH of 4 or less in order to prevent ammoniacal deca3'. .At the 
end of each period of collection the amount of acid was adjusted until it 
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I, Data I'ou JCach Man Piihtain/.w; to Jfis Aok, thk IsTHuvAt . During 
\\ mci! iruiNi; Was (Jom.riti;!), and tiii; Vam;i:k von Totai. 
Kiitostiikoids and von Ai.I’Ha- and Hiita-Kktostkuoids. 
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* urine 
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11 .0 

li 

I 23 

144 

10. 1 

11.7 

9.1 

2.G 

77.7 

22.3 

28.0 

4 

23 

144 

6.8 

7.0 

6.9 

0.1 

98.8 

1 .2 

1 .5 

0 

23 1 

84 

I T) . ;1 

1 o , a 

14.5 

1 .0 

93.5 

0 .0 

G.9 

G 

23 1 

120 

7.2 

7.2 

— 

— 

— 

— 

— 

7 

25 

84 

11.5 

11.9 

11.6 

0.3 

97.5 

2.5 

2.6 

8 

27 

120 

10.5 

11 .5 

11.0 

0.5 

95.6 

4.4 

4.5 

9 

27 

72 

6.1 

6.5 

/>.7 

0.8 

87.7 

12.3 

14.3 

10 ' 

28 

120 

8.1 

8.6 

6.0 

2.6 

69.7 

30.3 

43.3 

11 , 

29 

144 

8.3 

9.2 

8.8 

0.4 

95.7 

4.3 

4.5 

12 

30 

120 

8.2 

8.6 

6.7 

1 .9 

79.0 

21 .0 

23.4 

18 

32 

120 

10. 1 

10.1 

— 

— 

— 

— 

— 

14 

33 

144 

6.9 

7.0 

5.9 

1 .1 

84 .3 

15.7 

18.7 

15 

33 

84 

15.0 

14.8 

14.1 

0.7 

95.3 

4.7 

5.0 

IG 

33 

84 

20.5 

20.0 

18.1 

1 .9 

90.6 

9.4 

10,5 

17 

34 

84 

9.5 

10.2 

9.2 

1 .0 

90.1 

9.9 

19.9 

18 

35 

144 

5 . 0 

5.2 

4.2 

1 .0 

SO. 7 

19.3 

23.8 

19 

38 

120 

10.0 

11.7 

9.0 

2.7 

76.9 

23.1 

30.0 

20 

39 

144 

9.1 

9.4 

8.9 

0.5 

94.7 

5.3 

5.6 

21 

40 

120 

6.2 

6.0 

4.6 

1.4 

76. 7 

23.3 

32.0 

22 

41 

120 

7.8 

7.8 

C.8 

1 .0 

87.2 

12.8 

14.7 

23 

44 

84 

14 .4 

14.1 

12.7 ; 

1 .4 

90.0 

10.0 

11 .0 

24 

45 

72 

4.7 

4.9 

4.9 

<0.1 

100.0 

1 0.0 

1 0.0 

25 

46 

144 

5.5 

5.2 

5.1 ; 

0.1 

98.1 

! 1 .9 

1 2.0 

26 

46 

120 

11 .0 

11.0 

7.9 

3.1 

72.1 

' 27.9 

39.2 

27 

46 

120 

8.1 

8.1 

1 



— 

— 

• 

28 

47 

84 

5.9 

8.4 

8.0 

0.4 

95.2 

4.8 

5.0 

29 

48 

120 

4.9 

5.9 

5.2 

0.7 

87.7 

12.3 

14.0 

30 

49 

84 

8.0 

8.9 

8.3 

0.6 

1 93.2 

6.8 

7.2 

31 

49 

48 i 

4.5 ' 

4.8 

4.7 

0.1 

' 97.9 

2.1 

2.2 

32 

51 

144 1 

4.3 

5.2 

5.1 

0.1 

98.3 

3 .7 

2.0 

33 

52 

84 

10.5 

10.7 

10.1 

0.6 

94.5 

5.5 

5.9 

34 

53 

120 

7.8 

8.1 

7.5 

0.6 

92.7 

7.3 

8.0 

35 

54 1 

120 

5.1 

6.1 

5.7 

0.4 

94.6 

5.4 

5.5 

36 

54 

84 

8.7 

8.9 

7.6 

1 .3 

86. 0 

14.0 

18.7 

37 

55 1 

120 

3.9 

3.9 

3.9 

<0.1 

100.0 

0.0 

0.0 

38 

55 

120 

4.0 

4.4 

3.9 

0.5 

88.6 

11.4 

13.9 

39 1 

57 

48 

2.2 

3.6 

2.7 

0.9 

74.5 

25.5 

34.2 

40 ! 

58 

1 120 

4.0 

4.5 

4.1 

0.4 

92.3 

7.7 

8.2 

41 

59 

f 120 

4.4 

4.8 

4.7 

0.1 

98.0 

2.0 

2.1 

42 

60 

^ 120 

G.G 

6.3 

6.1 

0.2 

96.3 

3.7 

3.9 

43 

60 

1 120 

4.1 

3.8 

3.5 

0.3 

91.6 

8.4 

8.6 

44 

60 

120 

3.6 

3.8 

3.7 

0.1 

97.5 

2.5 

2.7 

45 

62 

120 

3,1 

3.9 

3.3 

0.6 

84.6 

15.4 

18.4 

46 

63 

48 

3.0 

4.0 

3.6 

0.4 

89.8 

10.2 

11 .5 

47 

65 

84 

5.9 

6.9 

6.8 

0.1 

98.5 

1 .5 

1 .5 

48 

68 

48 

4.6 

4.6 

4.6 

<0.1 

100.0 

0.0 

0.0 

49 

70 

48 

2.2 

2.1 

2.1 

<0.1 

100.0 

0.0 

0.0 

50 

72 

144 

3.9 

4.0 

4.0 

<0.1 

100.0 

0.0 

0.0 

51 

' 75 

144 

2.4 

2.7 

2.3 

0.4 

85.0 

15.0 

17.6 ^ 


* The values for total ketosteroids found in the fourth column are those obtained by 
colorimetric determination of the urinary extract before fractionation, while those in the 
fifth column represent the sum of the values obtained from direct measurement of the 


alpha- and beta-ketosteroids. 
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represented 10 per cent by volume of the total quantity of urine. The 
urine was extracted within three weeks after collection; collections were 
made between July and September of 1947. 

In the instances listed in Table 2 a second sample of urine was obtained 
after an interval of several weeks. This was done to check the validity of 


Table 2. SniiLARiTr of 1’’alues for OKrcixAL axd Duplicate Collection's 
OF Urixe from a Group of 12 Cases Chosex at Raxdom. 







MGM. OF TOTAL KETOSTEROIDS PER 24 HOURS 


HOWAUI) IL HA.MlJ/rON AND .lA.MIvS H. IIA-MILTOX Volumes 


•KiS 


'r.\i!i,i: .'i. Tin: Avi:n.\(ii: lL\*;ui;Tfo\ (if Totm, Ki:rnsTi:nnn>s Snows a 

I’((o(;i{f;s,sfn; Di.cttfAsi: W'rrn L’Acrr I)i:cm>i: or Antn/r Lin:. 


A I'd in ymr.s- 


' Nuinlior of mon ! 


Tof.'il k(>f ost(,>roiri.s 
(nit;./2-} lioiir.-') 


Range ; 

Av('vage* ■ 

in group 

1 Average 

! Range 

20-20 

2-! .0 ! 

1 1 

10..'^ 

I o.O-lo.o 

:io-:io 1 

. I 1 

‘) 

: 10. 1 

i .'i. 2 -20.0 

■I0--10 1 

.i;i.o 1 

1 1 

j 7.7 

! -I.N-I-Ll 

oo-rio 

o-l .S } 

•<» 

1 0.0 

i ;lo-io.7 

00-00 

i <'2-1 1 

7 

1 -1 .s 

I :i.s-o.o 

70-7.0 

1 72. :i I 

1 

2.0 

1 2.1- 4.0 

i 


* Tlio .•iver.'if'f.s jior flocadc are comimtoil from individual valiic.s- lisiod in column 5 
of Talilc 1. 



Fig. 1. Progressive decrease with age 
in the excretion of urinary ketosteroids. 
Dots indicate the titer for each man, 
circles the average for the men in that 
decade of life. 



Fig. 2. Showing a decrease with age in 
average daily excretion of alpha-ketoster- 
oicls almost parallel with the decrease 
witli age in the total excretion of keto- 
steroids, and accounting for much of this 
reduction. 
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many instances from the sum of the values for the alpha and beta fractions 
that were obtained after further purification. 

It is to be noted that the values for alpha- and beta-ketosteroids are 
obtained by direct measurements of each fraction, whereas others (6, 7) 
have measiued one fraction and calculated the other bj^ subtraction from 
the A^alue for the ketonic fraction. The beta fraction refers to hydrox}' 
substances precipitated upon addition of digitonin to the neutral ketonic 
fraction, and the alpha fraction consists of those h 3 ^droxy^ compounds that 
do not precipitate when treated vith digitonin. 

RESULTS 

Accuracy of Methods. A check on the possibilit}^ of error in the collection 
and preservation of urine and in the accurac}’- of the measurements of the 

Table 4. Progressive Decrease of the Average E.xcretiox of Alpha- .axd Bet.a.- 
Ketosteroids IX THE SUCCESSIVE Decades of Life (Columxs 4 axd 6) 
axd THE Ratios of the Beta- to Total, axd Bet.v- to 
Alpha-Ketosteroids (Columxs 9 axd 10). 


j 

Age in years I 

i 

1 

Num- 
ber of 

men 

in 

group 

Ketosteroids (mg./24 hours) ' 


Ratio of 


Alpha- 

Beta- 

1 

1 Aipba- 
, to total 
j keto- 
i steroid , 

! Beta- to 
total 
keto- 
steroid 

1 

Beta- to 
alpha- 
keto- 
steroid 

1 

Range ^ 

Aver- j 
, age ^ 

.\ver- „ 

age 1 

.Aver- 

age 

1 Range , 

20-29 

1 24.8 1 

10 

1 

10.1 i 5.7-15.1 

1.1 

0.1-2. 6 

j 91.0 

9.0 

12.3 

30-39 

1 34.3 

8 

9.5 1 4.2-18.1 

1.3 

0.7-2. 7 

1 86.3 

13.7 

16.5 

40-49 

1 45.5 

10 

6.8 i 4.7-12.7 

0.9 

0. 1-3.1 

} 90.2 

9.8 

12.7 

50-59 

54.8 

10 

1 5.5 1 2.7-10.1 

0.5 

0.1-1. 3 

92.0 

8.2 

9.7 

60-69 

62.1 

7 

! 4.6 i 3.3- 6.1 

0.2 ! 

0.1-0. 3 

' 94.0 

6.0 

1 6.7 

70-75 

72.3 

; 3 

{ 2.8 1 2.1- 4.0 

0.1 

0.1-0. 4 

! 95.0 

5.0 

[ 5.9 


ketosteroids was provided bj" assaA’-s on dupheate collections of urine from 
a feAV men chosen at random, except that most of them were in the later 
j^ears of life where studj^ seemed needed most. Agreement between the 
A^alues for the first collection of urine and those of the second determina- 
tion was fairly" close as shown in Table 2. The greatest differences in anj" 
of the cases are less than the expected A'ariation from daj^ to daA' in normal 
men, AA'hich ma}^ amount to as much as 5 milligrams (8, 9, 10, 11). 

General Aspects of Data. The total amount and the quantities of alpha- 
and beta-ketosteroids excreted per twenty-four hours are hsted for each 
patient in Table 1. Tables 3 and 4 present the aA’erage and range A’alues 
for each decade of life. Figures 1, 2, and 3 show the A-alues for each indi- 
Addual in black dots and the aA'erage excretion for the men in each decade 
of life bj' dots within circles. 
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]' I'ouv (hose <mI)1('s ;uui p;i'aj)hs it cun l)c seen that in all (lirco categories 
of steroicis, that is, in ilu? alpha- and heta-kelosleroids and in the suin of 
these fractions, tlu^ average tiho's declinerl with age in a progressive and 
pronounced fashion. 1’he excretion of total and alpha-kctostcroids dimin- 
ishes with each decade. 'J'he average values for the heta-kotostoroids de- 
crease siinilarly except' for a jieak in the fourth decade. Tins exception 
appears to be a fortuitous one to bo expofdod when small segment. s of the 



Fig. 3. The excretion of betu-ketosteroids 
also (Iccrensos witli age. 


data are considered; it i.s related to the absence in thi.s decade of very low 
values, seA'’eral of which are found in the preceding and in all succeeding 
decades. 

Values for Sum of Alpha- and Beta-kciosleroids. The decline in values 
for the average daily excretion of total ketosteroids follows almost a 
straight line decade by decade. In comparison wdtli the output in the third 
decade, that in the seventh decade is less than one-half and that in the 
eighth decade only 27 per cent (Table 3). 

Values for Alpha-keiosteroids. The fall in total output of ketosteroids is 
due mostly to a loss in alpha- ketosteroids which comprise on the average 
more than 90 per cent of the ketosteroids. Therefore, the curve of decline 
in alpha-ketosteroids (Fig. 2) follows closely that of the total ketosteroids 
(Fig. 1). In comparison with the average in the third decade, the excretion 
in the seventh decade was more than halved and that in the eight decade 
reduced to 28 per cent (Table 4). 

Values for Beta-keto steroids. With the passing years the excretion of 
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beta-ketosteroids diminishes (Fig. 3) in much the same fashion as that of 
alpha-ketosteroids and the sum of these two fractions. An exception to 
this generalization is the average value for the fourth decade which may 
not be truly representative of this age because of reasons stated before. 
In terms of percentage decrease from the average value in the third de- 
cade, that in the sixth decade was less than half, that in the seventh less 
than one-fifth, and that in the eighth decade only 9 per cent. 

Variability from indhddual to indi\’idual was the rule as regards the pro- 
portion of beta compounds in the total ketosteroid ouptut (Fig. 4). It was 



STEROIDS 


Fig, 4. Graphic portrayal of the effect 
of ageing upon the percentage of keto- 
steroids e.-ccreted as beta compounds. 

Each block represents the total for one 
man. 

less than 5 per cent of the total in 31 per cent of the entire group of men; 
from 5 to 10 per cent in 34 per cent of the men; and above 10 per cent in 
the remaining 35 per cent. 

The percentage of the total ketosteroids formed by the beta fraction 
appears to be related to age when the data are' considered in averages by 
decades (Table 4), or in two larger groups of men, 21 to 44 and 45 to 75 
years of age. Less than 5 per cent of the ketosteroids were excreted as beta 
compounds in 19 per cent of the men who were 21 to 44 years old but in 
44 per cent of those 45 to 75 years old. Of the 13 men in the entire series 
whose beta fractions were so low as to amount to no more than 2 per cent 
of their total ketosteroids, 11 were 45 or more years of age. Expressed as 
percentages, 41 per cent of the men over 45 3 'ears of age had only 2 per 
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cnit or ]('SH of hcln compounds wliorojis only 1) per coot of those 21 to 
dd yonrs old hud such n snuill pro])ortiou of hein conipound.s (Fig. 4). 

C\)iiv(‘r.-;ely n bc(!\ fmetiou in excess of If) per cent of the total output 
was observed in 42 ])er cent of those less than 45 years of age, in oontrast 
to only 7 j)(;r cent of those 45 years of age or niore. 

In previous investigations (12. IH, 14) the proportion of beta-ketosfer- 
oifls in the total outj)ut has not (exceeded 15 i)er coni cxcej>t in an occa- 



Fig. 5. Grapliic representation of tlie Fig. 0. Grapliicrc presentation of the 

values for total ketosteroicl titers statis- statistical anabasis of the values for 
tically analyzed and snininarized in alpha-ketosteroids. 

Table 5. The x coordinate has been i)lot- 
ted arithmetically, and the y coordinate 
logarithmically.* 

* Conversion of ketostcroid values to logarithmic equivalents facilitates comparison 
of the curves for total, alpha- and beta-ketosteroid output or for titers obtained in indi- 
vidual men; comparisons can be made with other diverse measurements such as weight, 
height, and specific gravity of the subject, since tJie logaritlimic equivalents are inde- 
pendent of units of mensuration; adjustment is made for the variation in output as a 
function of age, so that 2 instead of 3 variables remain for analysis. The line of regression 
was found in the usual manner bj'- substituting values of x in the equation, solyipg for y, 
plotting these values, and drawing a curve through tlie points located. The points de- 
termining the zone of error are found by adding to and subtracting from various y values 
twice the standard error of estimate for those y values, plotting these points with respect 
to the corresponding a: value, and drawing a curve through the points (broken lines on 
the graph). In a group of cases selected at random where distribution is normal, 95 pe 
cent of such cases will fall within the zone of error. (.-S, y) on the graph represents the 
average age and ketosteroid titer for the entire group, i.e., the mean. 
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sional case ( 15 ), whereas eight such instances were foimd in the present 
series. 

Siatisiical Analysis of the Entire Series. Since the total number of sub- 
jects in the study is relatively small it seemed desirable to analyze the 
data as a whole in addition to discussing the results by decades. The ad- 
vantage in the former method is that errors in sampling are less likely to 
appear, but the latter method has its value here where the groupings are 


Fig. 7. Graphic portrayal of the sta- 
tistical analj’sis of the beta-ketosteroids. 
A factor of 10 has beea emplo 3 ’ed in the 
logarithmic scale for convenience in 
plotting the graph. The open circles and 
triangles at the bottom of the graph 
represent values that were left out of the 
calculations. The circles are for values 
of 0.1 mg. and the triangles for those 
values less than 0.1 mg. 



so small that strict statistical analysis cannot be made. It should be noted 
that the chief difference in the data treated as a whole from that given 
simply as average figures by decades, is that in the latter method the very 
lowest values for the beta-ketosteroids are omitted since they seem to 
form a discontinuous series vith respect to the remaining data for this 
fraction. Further, as nil! be seen later, when the very low figures are 
omitted from the calculations, the ratios of beta- to total and beta- to 
alpha-ketosteroids do not fall with increasing age as they do when an- 
alyzed by averages for each decade. This apparent discrepancy i.s ex- 
plained, of course, by the fact that the figures in the later decades are 
weighted by the low titers obtained in several men. Figures 5, C. and 7 
show graphically the cuiwes obtained by such statistical treatment of the 
data for the excretion of total, alpha- and beta-ketosteroids. Table .5 lists 
the values of the means, slopes, and intercepts for the equation of these 
curves as well as the standard errors, standard deiaation-s, and standard 



noWAHI) n. IIA.MIl/roX and .JAMIOS ]). IIAMH/roX Volumes 


■}■}•} 

errors of ostiin;it(.‘ for the nvorngo tot.'il, ;i]])hn-, nnd beln-kotostcroid 
mitpot,' 

In conp^arinfi: tlio tlireo oqiialions dorivod. it run ))e soon tliat the slopes 
are all very nearly e(nial wliieh indieates that total alplia-, and hcta- 
ketosteroid outputs decline at sijuilar rates as age increases, and that the 
I'atios of alplia- to total, beta- to total, .and bet. a- to al[)h.a-kotosteroids arc 
(•(jual throughout life. 

The signifie.ariee of the .apjjarent discontinuity of values discusserl before 
is not clear. bother it is due. to errors in colhudion, extraction, or assay 
of the steroids cannot, bo dolonnijual, although tljoso possibilities do not 
seem likely. A prol).abIe e.\'f)l.a nation Is that there is a stnall group of men, 
increasing in number with age, who excrete very low amounts of beta- 
kctostcroids. C'onfirm.ation of this finding .and its possible relationship to 
function of the adrenal cortex Jiwait further itu’osfig.ation. Whatever the 
cause, the conclusion tli.at the aver.age dcci'ease with age is more rapid in 
beta- than in alph.a-ketosteroids shmdd await substantiation in slndies of 
additional jiatients in such numbers as to exclude the ])ossibiiify of error 
that is inliorent in the u.se of small .•samplings. 

Ratio of Alpha- and Beta-kdoatcroids. 'Ihe ])roportion of the total ke- 

■' The equations (of the type if-a+hx) are derived hy tlic method of mean squares 
using the following o.vpressicjfis; ,S'.r, Sx-, (Sx)-, .S'//, ‘S’//", (A’//)a <V.r//, and SxSy, wlicre S 
is summation and x and // are values for age and ketostoroid output respectively. The 
means, jc and y, cf(ual Sx/ti and a, the // }nteree])t, equals ij —hx; h, the slope, equals 

.S’.r// — SxiSi//?! 

Sx- - (S.r)"/u ■ 


The standard error for y is 


Standard Deviation 


Where [if \ == Sif -iSy)'/n, [xij]=Sx}i -SxSij/n and [.r=] = other qiuantities 

are derived as follows: the standard deviation for y is 



hf] 


(n — l)n 


If] - l•^■^/]V[•^•d 


and the standard error of estimate is 
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tosteroid output represented separatelj’- by the alpha and beta fractions, 
and the relative proportions of these two fractions one to the other, are 
tabulated in Table 4 for data arranged b 3 ’- decades. 

The average decrease with age in values for beta-ketosteroids is more 
pronounced than the reduction in total ketosteroids even though the de- 
crease in the total ketosteroids bj"" the eighth decade amounted to about 
three-fourths of the output in the third decade. The average e.xcretion of 
beta-ketosteroids, which constituted about 10 per cent of the total quan- 
titj^ of ketosteroids in the third decade, was onlj’’ 5 to 6 per cent in the 


T.iBLE 5. SU.MM.A.TION OF THE Values Obtained in the St.atistical 
An'altsis of the Experi.mental Data of Table 1. 


1 

Keto- i 
steroid j 

i 

Average 

age 

(years) 

i >■ 

'1 Average 
j titer in 
j mg./24 hours 

a 

j y intercept 

i 

1^ 

slope j 

i 1 

standard ' 

delation j 
of f- 

Standard 
error of 
estimate 
of y 

Total 

1 44.75 

! 6.9S±0.15 

2.32 

j -0.0106** 

1 1.07 1 

0.15 

Alpha 

j 45.44 

1 6.2S±0.16 

2.27 

; .-0.0104** 

1 .08 ' 

0.15 

Beta* 

1 42.17 

1 0.93 ±0.06 

I 

, -0.0106** 

0.35 ! 

0.30 


The equations for the lines of the graphs in Figures o, 6, and 7 are of the general form 
for linear regression: y=a+bx, where x and tj are the linear coordinates (in this case 
representing age and log mg. of ketosteroid output per 24 hours respectively), a is the y 
intercept, and 6 is the slope of the curve, in this case negative. In the table, x represents 
the average age for the entire group and y the average daily ketosteroid output. 

* 12 values omitted (cases 4, 24, 25, 31, 32, 37, 41, 44, 47, 48, 49, and 50) for reasons 
given elsewhere. 

** Significantly different from zero at the 1 per cent level (Snedecor, Statistical 
Methods, 1946, Chapter 6 and Table 10.7). 

seventh and eighth decades. Because of the greater average decline in 
beta- than in alpha-ketosteroids the ratio of the beta to the alpha com- 
pounds seems to decrease slightly in the later j'ears (Table 4). 

Relaiionslnp between Ketosteroid Vahies and the Mass of Body Proto- 
plasm. An analj'sis still in progress shows a high degree of correlation be- 
tween the quantities of ketosteroids in the urine and the weights of the 
individual men. In everj* decade the output of ketosteroids was less, the 
lighter the men. Among the men under study', who had as a group very' 
little tendency to obesity, the decline in values with age was definitely 
associated with a decrease in body weight. Alore detailed consideration 
of the relationship between titers of urinary ketosteroids and body weight 
is reserved for future consideration which will also include height, .specific 
gravity, surface area and other pertinent features. 
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Individual Variahilily in Values of Kelnsleroids. 'I'horc f>;rent, vririnncc 
ill values from individual to individual, a.s has boon roporlod prcviou.sly 
(S, 10, 11 J2, M-2(i). 
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Several points are worth noting in oomparing the rosult.s in Die present 
survey with observations made by other workers, d'he values for the men 
in this series are slightly lower than some of those reported by other in- 
vestigators, most of whom have do.alt with more restrieded age groups, 
particularly with young men in (he third and fourth decades of life. This 
difference between our results and those of others doe.s not, appear to be 


due to a loss of ketosteroids in the iiresent study, since the results obtained 
with our methods on the urine of normal young adult, males living outside 
the prison yielded values eomjiarablc with those of other workers. These 
data, obtained on the personnel of the medical lalioratory and hospital, 
arc shown in Table G. 


T.mu.k 0. V.M.ur.s Pou.M) i.v Nomr.M. I*i;u.S().v.vi;i, or Tin; Lahoii-vtoiiy .\ni) 
IIoSl’lT.M, .vs RkO.VKOS THK AvKU-VOK D.vii.v Excuktion or 
U HI .v.v n V Kktosti: hoi ds. 


Case 

Age ill yeans 

Nunibor of iiours 
of urine 
collection 

Ketosteroids 
(mg./24 hours) 

A 

IS 

72 

15.1 

B 

IS 

06 

17.1 

C 

24 

06 

10.0 

D 

25 

120 

10.5 

E 

2G 

96 

IS.O 

F 

27 

1 96 

17.2 

G 

30 

72 

21.0 

H 

i 47 

1 

48 

10.4 


One explanation for the difference between the data of prisoners and 
those of other subjects may be the fact that both the food and routine of 
life in the prison were unpalatable to the prisoners. With few exceptions 
the men disliked the diet and refused portions of each meal. Many com- 
plained that they were always hungry, and it was the usual impression of 
most prisoners that they had lost weight during imprisonment. 

It should be noted too that the physical activities of the men were slight 
during the period of study. 

Another matter to be considered is the possibility that the length of 
stay in prison might be correlated with the titers of ketosteroids. Figure 
8 shows that there is no such relationship between these items. Not elinii- 
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nated is the likelihood that many of these men -were not in good health 
even prior to commitment in prison. Some had been jailed as a result of 
sequelae of bouts of alcoholism and a few had been hiding from the law. 
It is possible, then, that a lack of well-being involving a loss of weight in 
several instances may explain in part the somewhat lower values than 
those usually reported in young men. 

It has been found tl7, 18, 19, 27, 28, 29) that in various diseases and 
instances of poor health the output of urinarj' ketosteroids may be lowered 
considerably. The subjects of this study, with a few exceptions, cannot be 
considered to be in ill health. All were participating activelj^ in routine 
prison affairs prior to the beginning of the survey. Table 7 shows pertinent 
clinical findings in those members of the group who might be considered 


Fig. 8. Showing that there is no corre- 
lation between the length of each sub- 
ject's internment in prison and the per- 
centage bj' which his titers of total uri- 
nary ketosteroids differ from the average 
for the men of his age. The data for the 
j'ounger men are represented separateb’ 
bj' crosses in order to distinguish them 
from the values for older men; crosses 
represent those subjects less than 50 
years of age. 
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to be below par in health. No disease was observed in the majority of the 
men in the third decade, that is, in the tmunger men for whom higher 
values might have been expected; the titers of 2 men with somewhat ab- 
normal clinical findings did not differ much from the average for the dec- 
ade. Similarly, examination of the right-hand column in Table 7 shows 
that the values for ketosteroids did not tend to be less than the average for 
the decade in men of other ages in whom one or another abnormality' was 
detected in the medical examination. This is eiidence that the low titers 
in these groups did not arise from illnesses of certain men. 

Another matter to be considered and then disregarded in this connection 
is the definitely lower values in specimens collected in winter as compared 
to those obtained in summer (IS). All collections for this study were made 
during summer months. 

Vi'ith regard to claims that a climacteric-like state occurs in men, it 
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; , SctlillU'Ilf.'l- 

j yoiirs in inin./lioiir ' 
; i (A\‘(“s(crf,'rcii) 


() I 23 


Mciliriil Slntiis 


C'ontrollot! ilinlictic. 

lixlciisivo rash on flexor snrfaee of arms 
and forearms, on jjopliteal spares, inner 
surface of tliit;lis, inferior aspect of Imt- 
(ocks and dorsum of neck. Skin r)f these 
areas thickened, enernsted and sealintc. 
with crusts raised from skin .surface. 
\\'here scales finked off, area was rcd- 
j doned and fluid oozed from the naked 
' surface, 

i Kxtensive acue on hack. 

I 

j Chronic postnasal drip. 

' Scabies; .sy.stolic murmur jud;rcd to lie 
I Kf.ade ii; extra.systolcs. 

I Irrc;;ular cardiac rliythm (not filirillatins)- 1 

Faint pink macular rash on trunk with no 
jiajuihir elevation l)ut otherwise su;i- 
f^estive of hives. 

Ri;;Iit leg amputated as a result of trolley 
accident. Many lionos Inoken at this 
time. 

Scolio.sis; dribbling of urine (collection 

bag). Jligfit lijTlroccle tapped rcpoatecilj’' 
about 10 years ago. 

Pain in shoulder joints on movement of 
arms above horizontal position; pain to 
decj) jialjiation over deltoid areas; no 
abnormalities visible b}"- .\-ra.y. 

Soft penile chancre; treated for lues 2S 
j^ears ago for a period of 1 G months. 

Varicose ulcers on right lower leg. 

' Mild cardiac decompensation. 

liealed varicose ulcers of legs. 

Left leg amputated following extensive 
varicose ulceration; varicose ulcers on 
right lower leg. 


Differenro 
between 
keto.sfcroid 
fiter ami 
average for 
age group 
(mg./day) 


-l.G 

+4.7 

+P.f) 

-4.9 

+3.3 


- 1.8 


+ 1 .2 

+4.7 


-2.4 

-1 .2 
+ 1.5 
-1 .0 
- 1.0 
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Table 7 (Continued) 


Case 

Age in 
years 

Sedimenta- 
tion rate 
in mm. /hour 
(tVestergren) 

Medical Status 

i 

1 

i Difference 

1 between 

1 ketosteroid 
i titer and 

1 average for 

1 age group 
j (mg./daj-) 

45 

62 

35.0 

Chronic hypertrophic artliritis for many 
j^ears. 

-0.9 

46 

63 

— 

Extreme fungus infection of left foot; foot 
swollen to twice normal size. 

-0.8 

47 

65 

( 

28.5 

Diarrhea of unknown etiology for few 
days prior to participation in survey. 

+2.1 

48 ' 

1 68 i 

1 

1 

1 

1 

Questionable cardiac enlargement; blood ! 
pressure 190/80; ?aortic valvular dis- i 
ease. 1 

-0.2 

49 

70 


Marked sj’stolic murmur heard over en- ■ 
tire precordium and all normal heart j 
sounds absent; no decompensation evi- i 
dent; blood pressure 150/90. 1 

-0.8 

50 

72 

11.0 

Auricular fibrillation; receiwng digitalis; 
no decompensation evident; blood pres- 
sure 160/80. 

+ 1.1 

51 

75 

41.0 

1 

1 Operation some j-ears ago for varicose 1 
j ulcers of leg: blood pressure 160/80. j 

-0.2 


should be noted that the values for ketosteroids in the present series of 
men indicate that a gradual rather than a sudden decline of output occurs 
with ageing. Until information is obtained as to the excretion of gonado- 
tropins and androgens by these subjects the data at hand are insufficient 
to allow definitive statements. 

The literature seems to contain no .survey of the excretion of ketoster- 
oids in the later decades of life or of the effect of ageing upon those values. 
Venning and Uazmin (10) in a studj’’ of 14 males ranging in age from 20 
to 51 years reported the average excretion of 16.6 mg. of ketosteroids per 
twenty-four hours, with a range of 10 to 25 mg.; two other men aged 77 
and 81 excreted 10.0 and 10.6 mg. per twenty-four hours. These figures 
do not appear to be significantly less than their findings in the younger 
men. Similarly, Luffs (21) series, which contains 15 subjects under 40 and 
8 subjects over 40 years of age, shows no significant falling off of values 
with increased age. The lowest titers were found in the 2 youngest aiifl 2 
oldest subjects; the values for these 4 persons aged 16, 22. 71. and 82 
years were 15.5, 19.8, 14.3, and 18.6 mg. respectively, considerably less 
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(h:\n the nvorn^jcc of 2{’>.2 mg. for tim onlin; group. In Suiter’s (1.5) series 
of uormnl males, only (wo .are ]).asl (he fourth decade; and (he values for 
these, aged ‘12 to .5S yctars, are 2.'! and 12 mg., compared (o an over-all 
average of 1,5.2 mg, for 1.5 su})j(?<;t.K, As c.'H'h of these studies cotitains coni- 
jiar.ativcly few subjects in the decades h(‘yf)nd tlio fourth, it is doubtful 
whether one is justihed it\ drawing conclusions from them, la (he investi- 
gation carried out by C’hou and \\';ing (17) (here is a de(;line in ketos- 
(eroid v.ahies with incn'asing age, but. here again there .are only 4 men in 
the fiftlp, 2 in tlu? sixth, and 2 in tlu; seventh decades. Wooster (25) in- 
vestigated tlie tit(!rs of ketosteroids in a group of 49 subjects whose range 
of age was the third to sixth decades. 2’ho mean ^■alues for one decade 
comjiared to anotluu- were not significantly' diiTerent in liis series, although 
he noted that in terms of milligrams the variation in output from individ- 
ual to individual tended to decrease witii ago. 

Data in the literature that bear upon the rehition of age to alpha- and 
beta-kc(os(eroids arc even more limited (h;ui (hose pertaining to the total 
output. Most studies of alpha- and beta-ketosteroids have been made 
with reference to their excretion in disea.se (0, 2.2, .30, 31) particularly' in 
hy’pciplasia or neoplasia of (he adrenal cortex, whereas the present study 
i.s concerned with the amounts of each ivaclion e.xereted by' normal indi- 
viduals and (he rclation.s of .such value's to the endocrine .state in later life. 
The findings in the pre.sent .study’ would appear to be at variance with 
the data of Salter (15), in that with ageing a) the change in the excretion 
of alpha compounds more or loss parallels the decline in values of total 
ketosteroids (Tablc.s 3 and 4; Fig.s. 1 and 2); and b) the average beta 
values also tend to decline in amount with increasing y'ears (Tables 3 and 
4; Figs. 1 and 3), As there are only' 2 subjects over 40 y'ears of age in 
Salter’.s series, valid comparisons cannot be made with his data. 

Finally', it should be noted that as the titei's of total ketosteroids de- 
crease with age there is no great relative increase in the amount of either 
alpha or beta compounds that would suggest compensatory' function by' 
the adrenal cortices in response to any' loss of testicular function. 


SUMMARY 

The effect of ageing upon the excretion of urinary' ketosteroids and upon 
the respective amounts of the alpha- and beta-ketosteroids has been 
studied in a group of 51 apparently' normal men, 21 to 75 years of age, 
all of whom were living under similar conditions. In successive decades 
of life the average daily excretion of ketosteroids decreased progressively. 
The material extent of this reduction in output is shown by the fact that 
in comparison with the quantity present in the third decade, that present 
in the seventh decade was less than half and that in the eighth, only 27 
per cent. 
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The major part of this decline is due to a loss of alpha-ketosteroids which 
accounts in general for over 90 per cent of the total quantity of urinary 
ketosteroids. The curve of decrease in alpha-ketosteroids parallels closely 
that for the total output of ketosteroids. 

The excretion of the beta-ketosteroids also decreased with age. Verj^ low 
values were uncommon in the early years of life but frequent in men in the 
sixth and seventh decades. 

In this series of men, who had very little tendenc}^ to obesity as a group, 
the output of ketosteroids in all decades of life was correlated with the 
body weight of the indi^^dual man. 
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EXPERIMENTAL ALTERATION OF THE HUMAN 
OVARIAN CYCLE BY ESTROGEN* 

WILLIS E. BROWN, M.D., J. T. BRADBURY, Sc.D., 
and A. F. JENNINGS, M.D. 

From the Department of Obstetrics and Gynecology, State University of Iowa, 

Iowa City, Iowa 

T here are relative^ few studies of the effect of estrogen on the human 
ovarian cj'^cle. Sturgis and Albright (1) and Sturgis and Meigs (2) 
demonstrated that oimlation was inhibited in women when estrogen was 
administered in the early part of the menstrual cj’^cle. This inhibition eU- 
dentlj’^ depended upon early administration of the estrogen (before the sixth 
day) as well as upon the dosage employed. Their primary interest was in 
the relief of dysmenorrhea which was obtained by eliminating the luteal 
phase from the cj^cle. 

They found that bleeding usually occurred from twelve to fourteen daj^s 
following a single 10 mg. dose of estradiol dipropionate. However, if the dose 
were repeated in ten daj’-s the expected bleeding would be dela 3 "ed and 
bj”- suitable timing of the estrogen administration, bleeding could be de- 
layed for as long as three months. Thus, hy alternating intervals of ten or 
fourteen daj's between doses, it was possible to bring about bleeding at 
predictable intervals of two weeks, four weeks or eight weeks. 

Gillman (3) described the effect of single doses of estradiol benzoate on 
the length of the human menstrual cycle. He found that small doses (.01 
to 0.5 mg.) had little effect but when a dose of 5 mg. was given on the 
eighth day of the cycle there was an inconsistent effect, some cj^cles being 
shortened to nineteen days and others lengthened to forty-five daj's. Gill- 
man did not report any endometrial biopsies to explain how the ovarian 
cj'cle had been affected. Fluhmann and Hoffman (4) failed to produce anj^ 
alterations in the C 3 ^cle with 0.05 to 0.10 mg. of estrogen dail 3 '. Westman 
(5) claimed that estrogenic therap 3 - favored luteal function but his eU- 
dence was equivocal. 

The present stud 3 ’^ was undertaken to determine in what manner the 
human c 3 'cle is altered b 3 ' the administration of estrogen. Information 
relative to the ovarian 03*^010 was obtained b 3 ' weekU endometrial biopsies. 

-METHODS 

Each of the women selected for this stud 3 ' presented a histor 3 ' of a nor- 
Receivecl for publication December 19, 1947. 

* Presented at the Twenty-ninth .Annual Meeting of the .\.=sociation for the Study of 
Internal Secretions, .\tlantic City, New Jersey, June 6, 1947. 
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mal monstninl rhythm. On most of Iho subjocts' it was ])ossil)h' to obtnin 
weekly eiulomelrinl biopsies for conseentive months, before, durinp;, niul 
after treatment. Some of tlu' jiatients were secdcinfi; relief from dysmenor- 
rhea. v^tilbestrol was the est ropimi used and it was ji:iven orally a(;eordinp; to 
three general sehcdules: I'larly in tin; eyele during the proliferative phase; 
late in the ey(‘le during the luteal })hase: .and eontinuously during the eyele. 


KXPKIU MKXTAL Ul’.SULTS 


KAItLV 'rUK.VI'.MKN’r 

Six patients were given a single ‘2t) mg. dose of stilbestrol early in the 
menstrual eyele (4th, .ath, or Gth day), as shown in Figure 1. The next 
menstrual ]ieriod was del.ayed, (he ititerval \’arying from thirty-three day.s 
for M. J. to forty-two days for j\I. W.. with an average duration of thirty- 
eight days for (lie grouj). As indicated in the grapli, (he eontrol menstrual 
intervals before and after treatment were normal and averaged thirty and 
twenty-nine days resjieetivcly. 

Biop.sics, taken after the estrogen treatment, revealed secretory endo- 
metrial changes in 5 of the G patients (M. .T. being the exception). Pro- 
longation of tlie menstrual interval was associated with a delay in the onset 
of the .secret.oiy pattern. The duration of the luteal i)hase at the end of the 
cycle was the same as that seen in a normal untreated cycle. 

A similar study was made on 5 women who complained of dysmenorrhea 
(Fig. 2). The menstrual interval was prolonged from thirty-four to thirty- 
seven days, as comjDared to a normal twenty-eight, to thirty daj'’ cj'^cle. In 
4 of these patients, the premenstrual biopsy .showed secretory endometrium 
and the dysmenorrhea was not affected by the estrogen. One patient 
(M. S.) however, did have an anovulatory cycle following the 20 mg. dose 
of stilbestrol. In only two or three instances was there anj'- nausea following 
the administration of the drug. 

Seven to ten days after the stilbestrol was given, 5 of the patients in 
these two groups (Figs. 1 and 2) experienced slight vaginal bleeding that 
lasted from two to four days. Since the bleeding was so scanty and was not 
associated with changes in the endometrial pattern, it was considered as an 
estrogen-withdrawal bleeding rather than a menstrual period. In patient 
M. S. (Fig. 2) it recurred on the twenty-seventh and twentj^-ninth days of 
the cycle. These episodes of slight bleeding (usually not enough to require 
a pad) may have been similar to those that led Gillman to state that the 
cycle was shortened in 2 of his cases. Four of Gillman’s patients treated 
with 5.0 mg. doses of estradiol benzoate experienced cycles of thirty-one to 

1 Through the courtesy and cooperation of Doctor Adolph Soucek of Mount Pleasant 
State Hospital, patients were made available for these observations. 
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forty-five days, comparable to the majority of our cases. Sturgis and 
Meigs also found that a 10 mg. dose of estradiol dipropionate would pro- 
long the interval. Patient No. 3 in their series experienced slight bleeding 
on the fifteenth day and then had a painful (o\mlatory) menstrual period 
forty-six days after the pre\dous normal menses. 

THE EFFECT OF A SINGLE LARGE DOSE OF ESTROGEN GIVEN- 
EARLY IN THE MENSTRUAL CYCLE (DELAY IN OVULATION) 
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Fig. 1 . Graphic representation of the effect of 20 mg. of stilbestrol given orally early 
in the cj'cle. The numbers represent the length of the cycle before, during and after 
treatment. The letters represent the stage of the endometrium, P for proliferatir-e and 
S for secretory, as revealed by weekly biopsies. The vertical line is 30 days after the 
onset of the previous period. The dotted lines represent days of slight vaginal bleeding, 
whereas the menstrual periods are denoted as solid black bars. 

Since the pre.sent findings are in apparent agreement with those of 
Sturgis and jMeigs and of Gillman it maj' be .stated that a single do.se of 
estrogen given earl}’ in the menstrual cycle will usually delay but not in- 
hibit ovulation and will thereby increase the length of the cycle. 

PROLOXGEn TRE.A.TMEXT 

Sturgis and Albright (1) found that when estrogen was given continu- 
ously from the fourth or fifth day of the cycle until the eighteenth or twen- 
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licth (Iny. ovulnlion w;is pnivcMitc'd jind tlu^ Itilonl phnse of tho etulomo- 
(rhim did not dcvolop. TikUm' condil ions dysincru)rrlH'a was com- 

plctc'ly rolirvod. Isillior oslradiol Ix'nzoato l.f) inj!;, inh-amnsaularly ovary 
third day or oral slilhostrol 1 niK. daily was ocpially clToctivo. Uiulor llioso 
conditions of therapy they found that dystncnorrinai could ho relieved 
(ovulation prevented) on alternate months hut not in consecutive cycles. 
Randall and Odell (tl) found that ovulation was inhibited and dysmenor- 


TIIH KFFl'X'T OF A SIXCLE LAROK DOSK OF KSTROtJKN 
GIVKN FARLV IN TIIK MKNSTRUAL (’VOLF 



Fig. 2. Graiihic representation of the effect of 20 ing. of stilbcstrol given eiirl}' in the 
cycle as a single oral dose. TIic vertical line is 2S days after the onset of the previous 
pei'iod. The rest of the grajili is the same described for Figure I . liiopsies were obtained 
only in the premenstrual period. 


rhea relieved when 1 mg. of stilbe.strol was given daily for twenty days 
following cessation of menstruation. 

A group of patients was given stilbestrol to determine whether relief 
from dysmenorrhea could be obtained with an oral estrogen for three suc- 
cessive months. Starting at the end of a menstrual period, 1 mg. of stilbes- 
trol was given daily for ten days, 2 mg. daily for the next ten days and 3 
mg. daily for the third ten days. Bleeding usually occurred within three 
days after the last 3 mg. dose and the dysmenorrhea was completely re- 
lieved (Fig. 3 )- One attempt with hexestrol on a 3, 6 and 9 mg. increasing 
dose schedule was ineffective, whereas the patient obtained relief the fol- 
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lowing month with stilbestrol. Endometrial biopsies obtained in the third 
month of treatment in 3 of these patients revealed a prohferative endo- 
metrium, as would be expected from the findings of Sturgis and co-workers. 
There was no e^'idence of h 3 T)erplasia or more profuse bleeding in these 
patients followed for three successive months. 

The side effects of stilbestrol were apparent in some instances. Two 
patients noticed a definite weight gain (5 to 11 pounds) and edema during 
the latter part of the treatment, and experienced a definite diuresis ■adth 


ESTROGEN GIVEN CONTINUOUSLY AND IN INCREASING 
AMOUNTS THROUGHOUT THE :\IENSTRUAL CYCLE 
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Fig. 3. Graphic representation of prolonged treatment with stilbestrol in pati 
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dysmenorrhea. The black bar with the zigzag represents a painful menstrual period, 
whereas, the other periods were painless. The daily dose of stilbestrol was increased at 
intervals of ten days from 1 to 2, and then to 3 mg. orally. The medication was withheld 
for ten days before the next series was offered. Proliferative endometrium (P) was ob- 
tained in three instances. 


the onset of bleeding. One patient also experienced epi.sodes of nausea and 
headaches during the treatment. A patient not shown on the chart dis- 
continued therapx' because of nausea. For those patients who tolerate the 
drug, stilbestrol can be given orallj' in such a manner that dx'smenorrhea 
maj' be completeh' relieved for as long as three succes.sive months. It has 
not been continued longer, and consequently we have no data as to wheth- 
er the endometrial hx'perplasia and profuse bleeding reported by Sturgis 
and Aleigs might have resulted from longer use. 
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From llu'so cxpcriiiKMits juid tlioso of Shl^/^is niul (’o-workfjis, it is nppnr- 
cn<. tlint ])roloii{>:('{i or contiiiiKMis troiitHKMit willi rslrogrn Avill prevent, 
oviilntion nnd eliminate the luteal phase from the eyeh'. 


i.A'rio 'rin:AT.MKN"r 

It has been re]K)rted by N('lson and associates (7, S) tliat estro^^en main- 
tained functional corpora Iut(‘a in tin; rat and Ib'ckel and Allen (9) made 
similar observati(ms in the rabbit. Westnum (o) administered estrojjen to 
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Fig. 4. Graphic representation of the menstrual intervals and endometrial findings 
in patients given stilbestrol tlirough the luteal phase of the cycle. Tlie horizontal lines 
represent the duration of treatment. The letters denote tlie condition of the endometrium, 
P for proliferative and S for secretor 3 ^ The two o])on bars represent probable menstrual 
periods in patients who could not give reliable menstrual dates; the change in the endo- 
metrium indicated an unrecorded menstruation. 

two women and then, on the basis of one premenstrual biopsy and one 
biopsy taken nine weeks after the previous period (in a patient with irreg- 
ular cycles), presumed he had maintained luteal function in a manner 
similar to that demonstrated in the experimental animal. 

Three women were gwen 10 mg. of stilbestrol daily starting in the post- 
ovulatory (luteal) phase (Fig. 4). There was no augmentation or prolonga- 
tion of the luteal phase in these patients. One of the subjects (M. W.) was 
a mental patient and unable to give a menstrual history. The change from 
secretory to proliferative pattern in the endometrium indicated that the 
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patient had bled even though this fact was not recorded. It is interesting 
in her case that prolonging the estrogen treatment for an additional three 
weeks resulted in an ano^’^llatory menstruation in the subsequent cycle; 
whereas, in the other two women the estrogen therapy was stopped with 
the onset of bleeding and the subsequent 03*^0^ was o^'ulator3^ 

In order to determine if earher or more prolonged administration of 
estrogen would be effective, three women were given 5 mg. of stilbestrol 
dail3’- starting about the tenth day of the C3’’cle (Fig. 4). There was no in- 
crease in the length of the C3’’cle and progestational changes in the endo- 
metrium were normal in degree and duration. These observ^ations offer no 
evidence that the human corpus luteum is affected in an3>- wa3’- b3" estrogen. 
On the basis of these observ^ations it remains to be demonstrated whether 
estrogen will maintain functional corpora lutea in women as has been 
demonstrated in rats and rabbits. 

DISCUSSION 

From the foregoing observations, it is e^ddent that a single dose of estro- 
gen given earl3’- in the cycle ma3^ dela3’- o\nilation for a period of seven to 
ten da3''s. When the estibgen is given over a period of time (fourteen to 
thirty da3’’s) o%mlation is completel3’- suppressed. However, if estrogen 
treatment is started after the follicle has matured or 05'ulation has occurred, 
it has no effect on the functional span of the corpus luteum. Thus the 
effect of estrogen varies with the dosage, the timing and the duration of 
treatment. 

These experiments afford no e'sddence as to the mechanism whereb}' the 
estrogen exerts its effect. It is not possible to determine whether the estro- 
gen ma3’- have some direct effect on the ovar3' or whether its effect is 
through the stimulation or suppression of gonadotropic acti^dt}" of the 
anterior pituitary. Sturgis and Meigs (2) suggested that the estrogen 
“repressed” pituitary function. There is also the possibiUty that a single 
dose of estrogen earl3’^ in the C3’’cle can release hormone from the anterior 
pituitar3’^ before the Graafian follicle is mature enough to respond. This 
discharge of gonadotropin following estrogen was suggested b3' D'Amour 
(10). Experiments testing this h3'pothesis are reported elsewhere (11). 
Premature discharge of gonadotropin and a latent period for recover3' of 
normal pituitaiy potenc3^ could account for the prolonged C3'cles when 
estrogen is given soon after a menstrual period. Continuous or prolonged 
estrogen treatment would dela3' restoration of pituitar3' hormone content 
so that ano'\'ulator3' c3'cles would seem a logical result. 

It has been shown experimental^' that progesterone protects the 
pituitar3' from depleting its hormone content under the influence of estro- 
gen. The lack of an3' effect of estrogen during the luteal phase ma3' due 
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(d tho presence* of preJ^eslerone. 'riie vnlidily of this er^uinent- in liunnin 
physiology should i)e tested by ^ivint!: pro^^este'fone with tin* single dose* e)f 
c'stieige*!) e*;irly in the* e've-le* te) de*te*rmitie* uhelhe*!- the* pre)ge,ste'i-e>ne; wouhl 
neg.-ite* the* e*sf i'()g(*n e*tT(*ft. 


Sf.MMAli’V 

d'he ellee't e)f estroge*n e»n the* hutiinn ovnri.-in e-yc!e v;irie*s with the* ineKlo 
of aelniinisl ration. 

,1. A single large* dose; (10 to 20 nig. of stilbestrol orallyj gi\'e*n early in 
the eyele will de*lay e)\Milal iem for about te*n days and inere'ase* the length 
of a e’ve’le* similarly, ddiis se'he*dule ele*]ays but doe's not inhibit eir .alter the 
normal se'ejuene*e of ovulatiem and corpus hit(*nm formation. 

2. Estrogen (stilbest reil) giv(*n e-emi inuously for thirty elays in elaily 
doses iiH'i'easing from 1 mg. tei .2 mg. will e*e)mpl(;t(*ly inhibit e)\'ulation. 
This ean be re])e*;ile*el for at le*.ast thre'C* suee‘e*ssi\’e' e-ye-le-s witlmut. proelueing 
e*ompli(‘.alions. 

3. Estrogen (stirn(";tre)l} stai‘t(*el late in the* e-ye*le has no elTeet on the 
apj)eeirane(*. or on the dureition of the* !ut(*:d jih.ase* of the; eye’le. fstilbostrol 
given orally in eloses of 10 mg. daily has not mainlaineal fune-tiomd e‘orpora 
lutea in women. 
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EFFECT OF LOW DOSAGE ROENTGEN RADIATION 
ON THE GONADOTROPIC FUNCTION OF THE 
HA'POPHYSIS OF THE MATURE AND 
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and the Tl''isfar Institute, Philadelphia, Pennsylvania 

I. INTRODUCTION 

I N VIEW of the \vide interest and frequent use of low dosage roentgen 
therapy in the treatment of functional endocrine dyscrasias, and the 
many controversial theories concerning its effect on glandular function, it 
has seemed important to study the action of radiation on the normal pi- 
tuitaiy of the experimental animal as manifested in its sexual sj'stem. 

Although thirty-two years have elapsed since van de Velde (1) first used 
low dosage roentgen therapy as a therapeutic agent in the treatment of 
functional menstrual disorders and sterilitj’', its mode of action on the endo- 
crine glands is still very poorly understood. Manj' theories have been pro- 
posed to explain the good results reported clinically in h}q)ofunctional 
endocrine conditions. All these theories can be di%dded into two main 
groups; 1) stimulation; 2) selective destructive action. Schwarz (2) be- 
heves a direct stimulation of glandular function is produced bj' small doses 
of x-rays, through an alteration of biochemical factors such as an increase 
of reversible cell permeabihty, or a rearrangement of electrons, atoms, and 
molecules, to increase the degree of cellular activity without the production 
of detectable changes in cellular structure. He also feels that an indirect 
stimulation may be mediated through the production of an active hyper- 
emia in the irradiated gland, causing an increased blood supply, and re- 
sulting in an increased metabolic acthitj'' of the irradiated cells, Mazer 
and his co-workers (3, 4, 5, 6), Kaplan (7, 8) and several others (9, 10) 
refer^to this theory of stimulation as the probable explanation of the 4.5 to 
70 per cent clinical cures of various menstrual dysfunctions noted in their 
series of cases folloMng radiation of the pituitary, the pituitary and ovaries 
or the ovaries. Thaler (11), Desjardins (12, 13)^ Tamis (14) and numerous 
other workers (15, 16, 17) refuse to accept this theory, and believe that x- 
rays. regardless of the smallness of the dose, always produce degenerative 
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!Ui(l (lest nidi V(' chniid''^ in lli(> imulinlcfl (■ells, 'rii(*y pr<'f(‘r to oxpl.-iin tfiis' 
!ippMr(Mi( sliniiil.'ition on tlio l).'isis of n rolrosi' of noioc clicck fni llio normal 
cyclio activity of the ovary, sneh as file flcstrnction of a hivf^a (Iraafian 
follicle, which is j)rcvcnlin^ the growth and inatiir.'ition of other primordial 
follicles, or (he d('stru<^(ion of a p(»rsist(n>( corpus lutenm which is suppros.";- 
ing menstruation. 'Phis is based on the (*\'p(‘riinen(!d work of Van Pee iind 
Simon (IS), who irradiated tin* ovaries of inatnn' r.abbitsand dogs and dem- 
onstrated a seleetive sensit.ivity of (he v.arions structures in the ovary to 
x-rays, d'he l:irg(* maturing follich* w;is found tf) be the most sensitive and 
the eori)us lutenm the least sensitive, due in ;dl likelihood to the less mature 
and more .actively growing granulosa cells of the follicle. 

C^ystic owaries ha\’e long been Icmiwn to r\aus(' flelay in menstruation 
Robinson (10) .and Stein .anrl his cr)-work('rs (20. 21, 22) h/n'e rei)orted 
several eases of bilateral cystic ovari(*s a.ssociated with amenorrhea and 
sterility which wen* cured by surgical nunoval of the cystic portions of the 


ovary. 

Good results have been rejmrtcd by St(*iidiard( (2.'^). Werner (24, 25) 
and others (2(5) following radiation of (he pituitary alone in (aises of amen- 
orrhea and dysmenorrhea. Proponents of the theory that x-rays always 
Jiavc a destructive or irdiibitory cflect on cellular activity argue (hat the 
menstrual disoi'dcr in such cases probably was due to a liypersccrclion of 
follicular stimulating liormone by the anterior Jobe eells of the hypophysis, 
and tliat the reported cui-c.s I'c.sultcd from an inhibition of those liypcrfunc- 
tioning cells. Zondek’s (27) experimental work has shoAvn tliat amenorrhea 
and ulci’ine bleeding are due in m.any in.st.'inces to liypcrsecretion of the 
anterior lobe of the pituitary. If this condition jicrsists for a long time histo- 
logical evidence appears in the ovaries in the form of multiple cysts. 

Newell and Pettit (28) reported a series of pat ients who were treated for 
various functional gjmecological disorders. The blood of thirteen patients 
who received radiation of the pit.uitary was assayed foi‘ anterior pituitary 
sex hormone both before and after x-ray treatment. Ten patients showed 
an excess of anterior pituitary hormone in their blood before treatment. 
This excess hormone is reported to have disappeared after x-ray treat- 
ment in seven but persisted in the other three patients. In three patients 
the anterior pituitary hormone level in the blood was considered to be nor- 
mal before treatment and did not change following pituitaiy radiiftion. 
Though the number of patients in Avhich such studies* were done is very 
small, they felt that there was a definite indication that this hormonal func- 
tion of the pituitary gland was influenced (diminished) b 3 ^ even small doses 
of x-rays. 

Thus the theories of the mode of action of small doses of x-rays on the 
glandular function are numerous, widely divergent, and contradictory. It 
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was decided therefore to studj-- the effect of low dosage radiation on the 
normal hypophysis of the albino rat: 1) in order to detennine whether there 
was any e\’idence of an alteration in glandular function, and 2) if any effect 
was demonstrated, by what mechanism it was produced. 

II. REVIEW OF EXPERIMENTAL LITERATURE 

The first studies of the effects of radiation of the pituitary' in animals 
were made b3’^ Brunner (29) in 1920. He irradiated the entire head of jmung 
cats and dogs and reported some histological changes in the pituitarj^ 
following fairlj'- large doses of x-raj^s as well as shght histological changes 
in the nervous tissue and some suppression of growth. He stated that the 
pituitary was onlj'' slightlj’' sensitive to x-raj’^s. Fraenkel and Geller (30) in 
1921 observed weight loss, growth retardation, and hr^joplasia genitahs 
following radiation of the hjTiophj'sis of jmung female rabbits. In 1922, 
Rahm (31) irradiated the hj’pophj’^seal regions of ^mung rabbits and ob- 
served a stimulation of growth with small doses and a cessation of growth 
with large doses. Podljaschuk (32, 33) in 1927 and 1928, using j'oung and 
mature rabbits and dogs, and Mahnert, (34) using infantile mice, obser^'ed 
an inhibition of body growth and underdevelopment of sex organs. Epi- 
fanio and Cola (35) found that a 25 per cent er5fi;hema dose directed to the 
hypoph3’’sis of 3’'oung rabbits accelerated growth, but that an er3'thema 
dose caused suppression of growth. With the er3i:hema dose there were 
demonstrable histological changes in the pituitar3s the acidophiles being 
the most affected. Selle, Westra, and Johnson (36) using doses as high as 
3000 r directed to the pituitar3’^ of depancreatized dogs were unable to 
amehorate their diabetes. Histologicall3'^, the h3"poph3"sis showed conges- 
tion and degeneration; degenerative changes were found in the nervous 
tissue of the brain. 

Lacassagne (37) introduced radon and radium needles into the h3'po- 
ph3'seal glands of rabbits and found partial to complete destruction of the 
gland after long periods of exposure. Associated with the pituitar3' necrosis 
he observed loss of sex drive and gonadal atroph3'. He found that if one- 
third of the gland remained, this was sufficient to produce a normal func- 
tion of the ovar3’', and concluded that the pituitar3' was ver3' radioresistant. 

Fehi' (38) studied the effects of both massive and fractionated doses of 
roentgen radiation over the pituvtar3’^ regions of mature rabbits. He ad- 
ministered doses up to 10,160 r to adult rabbits in amounts of GOO r over 
a period of two to three months, but did not demonstrate 3113" ph3'siological 
effect, and no histological changes were found in the pituitaries when the 
animals were sacrificed four to six weeks later. With single massive doses of 
2SG0 r there was a demonstrable weight loss, diminution of sex drive, and 
the ovaries and uterus were juvenile in appearance. He calculated the tissue 
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(loso (o {iio |>i(tni;irv lo h(' .'ihoul SO per of I lio si<iii dose jintl coiichKiod 
Ih.'if (h{! pi!iiij;try was v<>ry nuliorcsisfatif atif! ('otild not he irifhi- 

onei’il hy onlionry doses of x-rays. 

'Die I'csulls observed by in:it»y of th(*s(' early workeis were varicsi and 
ofl('n eon! radiel ory, bul llie majority of the stiirlif's seem to indicate that 
the In'pophysis of th('S(' varitms lalioratory animals was r('lativ('ly radio- 
resistant. ]low<n’('r. it must b(‘ remembered that much of this early work 
was done with x-ray ('(piipment that was imdlieienf by nualern standards, 
and since there was no aeeei>te(l dose standardization, there was often no 
real basis for eomjnirison of tlw' results of one worker witii those of another. 

bawrence. Nelson, and ^^'ilson (Hi)) sttidied the etTeets of radiation of the 
])ypo])hysis in immature albino rats nsin^ faetors of ISO kv., 2.5 jua., filler 
0..5 mm. ('u and 1 mm. .M. 50 eiu. <listanee, and a 1 cm. eiiantlar portal. 
With doses of 5b‘-5 (air) r repc'ated at tiu’ce or four sitting's about five days 
apart, there was oidy a slight inhibition of gain in weight, hut when two 
treatments of lO-lO (air) r were' gixam at .a simikar intcn'val, there wa.s a 
definite sui')pression of growth and ovarian activity, 'Phe ])iluitarics, ova- 
ries, thyroids, ami adrenals of irradiated animals .sauaafieed eighteen to 
twenty-two days .after .x-ray therapy weia; defitdtely deerca.sed in .size. 
Histologically, there was a scarcity of ;Ha’do])hil(; cells in the hypophy.si.s 
and the ba.sophile cells, though normal in number, showed .some distinct 
clumping of the gramdes and freciuent pyknotic nuclei. 'This damage, 
however, was not permanent as there was a gr.adual return of the hypo- 
physeal structure aud function to normal in animals sacrificed two to three 
months after treatiuenl. They conclude that although the pituitary glands 
of young albino rats are relatively radioresistant, ncverthclcs.s they can be 
iiifluenced b}' x-rays. 

Becau.se of the numerous references to cures of sterility in women by 
means of “stimulating” doses of x-ra 3 ^s, Hartman and Smith (40) in 1938 
made a study of the effect s of small single doses of from 00 to 400 (air) r on 
13 sterile female rhesus monkeys, insing factors of 200 kv., 20nia., filter 0.5 
mm. Cu and 1 mm. Al, 50 cm. distance, 4 bj’- 5 cm. field. Although their 
findings were somewhat indefinite, they concluded that x-rays in the doses 
used had no effect on the pituitary of these .animals. Kotz, Edward, and 
Parker (41) irradiated the hypophyses of 20 adult female rats with single 
doses of 200 to 500 r using factors of 200 kv., 25 ma., filter 0.5 mm. Cu and 
1 mm. Al, 50 cm. distance. The animals were sacrificed from three to seven 
weeks after roentgen treatment and histological studies were made of the 
pituitaries, ovaries, thyroids, and adrenal glands. No degenerative changes 
were noted in these endocrine glands. They concluded that radiation of 
the pituitary in the doses used had no harmful effects. 

Denniston (42) in 1942 irradiated the pituitaries of adult and immature 
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ground squirrels and albino rats. He used factors of 200 kv., 4 ma., filter 0.5 
mm. Cu and 1 mm. Al, 60 cm. distance. Doses varying from 7 to 140 r 
\Yere used in immature ground squirrels, and at autopsy three to twelve 
weeks after treatment, he found the pituitary and sexual organs of the 
treated animals in no way chfferent from those of the controls, hlost of 
the animals were treated with doses i-anging from 500 to 4000 r. He reached 
the following conclusions: 1) The pituitary is extremelj" re.sistant to x-rays. 
2) No good evidence of a “stimulating dose” has been found from these 
studies. 3) A differential susceptibility of the anterior lobe cells is demon- 
strated; the alpha cells lose their characteristic granules, the cytoplasm 
shrinks, and there is an increase in size of their nvrcleoli; the beta cells and 
chromophobes are apparent^ unaffected within the dosage of 500 to 4000 
(air) r used in the ground squirrel. 4) The growth rate of young rats is 
reduced 50 per cent following racUation of the pituitary with 1000 (air) r or 
more, 

Hodes and Israel (43) treated adult female rabbits with doses of 50 to 80 
(air) r to both the ovaries and pituitary using factors of 200 kv., 15 ma., 
half-value layer 1 mm. Cu, distance 50 cm., and could demonstrate no evi- 
dence of 05arlatory stimulation following radiation. 

MTiile our study was in progress, Baidins, Claesson and lYestman (44) 
were also studying the effects of radiation of the pituitary in infantile rats 
using factors of 105 kv., 10 ma., filter 1 mm. Al and 165 kv., 7 ma., with 0.5 
mm. Cu filtration. Their results were reported in 1946. With single treat- 
ments of 2 to 45' r, they noted an increase in the size and weight of the 
pituitaries of the treated animals sacrificed from eleven to fourteen weeks 
after treatment. The only histological charrge was a slight hjqreremia of 
the pituitaries. Similar observations were made after single doses of 50 to 
500 r but in these rats the h 3 ’peremia was more marked and there was a 
greater increase in the size and weight of the pitiritaries. The ovaries of the 
treated rats were in no waj”^ different from the controls. Even though the 
increase in size arrd weight of the pituitary seemed to indicate a stimulating 
effect of radiation on the pituitary, ther* were unable to demonstrate an}' 
e\ldence of an increase in function of either the pituitar}' or ovarian cells. 
The}’ therefore concluded that it was impossible to influence the pituitary 
gland of the white female infarrtile rat by small doses of x-rays. 

Thortgh a review of these recent experimental .studies with low dosage 
radiation of the pituitary (doses of 400 (air) r or le.ss) has shown no histo- 
logical effects on the sexiral system of animals, the immediate and latent 
physiological effects were seldom carefully observed. In view of the im- 
portance of this highly controversial problem, we thoirght that further 
investigation was indicated vrsing methods designed chiefly to study and 
evaluate arry physiological effect that might be produced. 
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III. MATKRIALS AND MKTIfODS 

Niiioly si’Titdllif tnaltDT fcinnk; Wislnr albino rats worn nsed in Iho first 
]>art of I his sf u<ly. Flu? A\is(ar all)ino ra( was (dioscni as (ho (os( animal 
.^inoc it has a short oestrus o.volo ami oxporimontal inothods liavc boon 
cstablishod for dotcrininin^ (ho various {jhasos of its oestrus cycle. The 
length of its cycle is >1 or 5 days and there are five flin’erent stage.s; each is 
characterized by ])eriodic changes in (lu* epithelium of the uterus and 
vagina. Tlie various j))iases of the (Tele can also be delerniined from the 
rat’s running activity. 'Flu're is a marlccal rise in the activity of the rat on 
the first day of the cycle, day of he.al. and }>eriod of ovulation, d’ho activity 
(hen deereas(?s and rmnains low throughout the next, two days and then 
begins to rise slowly on the fourth day with a marked peak again on the 
first day of the next (\vel(). 

Farris (-15) has studied a large number of W'istar female albino rats over 
long periods of time and has found the activity records more sati.‘5factory 
than vaginal smears for determination of the different stages of the cycle. 

The sign.s of heat in the rat arc as follows; 

1. Ear (luivcring (hlQ) elicited by stroking gently the head or back. 

2. Lordosis or copulation rcs])on.<e (CR) produced by digital .stimulation 
of (he pelvic region. 

Whenever the symbol “EQCH”‘ is u.scd it indicates the presence of the 
combined rcsj)on.sc to “EQ” and “CR,” as referred to above. 

When in heat the rat is nervous, apprehemsive, darting about, and on 
being touched, braces herself. This period of heat usually lasts from eight 
to twelve hour.s, and it is only during this time that she will accept the 
male. 

The rats were kept in a special colony room at The Wistar Institute. 
The colony room was darkened completely from 8 a.m. to Sp.m. Four 100 
wmtt lights were turned on automatically at 8 p.m. and remained on until 
8 a.m. By this method the rats display more regular oestrus. On the first 
day of the cycle heat occurs about 9 a.m., thus bringing it within our work- 
ing day. 

Activity determinations were made by keeping the rats in cages equipped 
with turntables connected to electrical counters wliich recorded each revo- 
lution of the turntables. Activity records were kept on all the rats, and 
they were checked for signs of heat on the day of oestrus. 

Roentgen treatments were given at 7.30 a.m. on the second day of the 
cycle in all of the irradiated rats, except in five which were treated at 7.30 
a.m. oh the tliird day. No rats were treated unless signs of heat had been 
elicited on the preceding day of oestrus and were absent on the morning 


* Abbreviation used in tables in text. 
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of the second day. After treatment thej^ were returned immediately to 
their cages and checked at half-hour inten^als for signs of heat, for a period 
of three hours following radiation of the pituitar 3 ^ For each two treated 
rats, one control w'as taken out of its cage and handled similaiij" to the hra- 
diated rats, but received no radiation. 

Six treated rats and seven of the day-two control animals were sacrificed 
and studies made of the pituitaries, ovaries, and uteri. These organs were 
then compared with the organs of six untreated rats sacrificed on day-one, 
the normal day of oestrus. 

Twenty-two immature female Wistar albino rats twenty-eight daj’s in 
age were used in the second part of this study. Vaginal opening was taken 
as the sign of sexual maturity. Eight of these rats were treated and fol- 
lowed daily until vaginal opening occurred. Two others were used as con- 
trols. An additional eight were treated, and together with four controls, 
were sacrificed when forty days of age and pituitarj', ovarian, and uterine 
weight determinations were made at this time. 

The following method of treatment w’as used throughout the experiment : 
The rats w'ere treated with an intermediate therapj’- unit using factors of 
135 kb., 8 ma., inherent filtration 1 nun. A1 with 2 mm. A1 added ghing a 
half-value layer of 4 mm. Al. A circular cone 1.8 cm. in diameter was used 
with a distance of 24 cm. from the target to skin surface. The roentgen 
output at the end of the cone was 90 (air) r per minute. The pituitary gland 
of the rat is located at an approximate depth of 1 cm. from the skin surface. 
Depth dose measurements w'ere determined at 1 cm. using a fiberwood 
phantom and then expressed in terms of the air roentgens as measured at 
the skin surface. This gave a depth dose measurement at 1 cm. equal to 76 
per cent of the air roentgens delivered at the skin surface. The doses are 
given in terms of air roentgens throughout this report and can be reduced 
to tissue roentgens by multipljing b}'- the above percentage factor. 

The rat was immobilized by wrapping it tightlj’ in a cotton cloth and 
then molding a lead cage about the body so that only its head was exposed. 
A lead collar was shpped about the neck. The treatment cone was then 
brought down on the head and centered over the pituitar}’’ region. Treat- 
ment sometimes had to be interrupted to re-position the rat’s head in case 
of movement, but due to the relativeh' short treatment times this diffi- 
culty was minimized. 

lY. RESULTS 

(A) EFFECTS OF RADIATIOX OF THE PITUITARY OX THE 
SEXU.AL .\CTIVITy OF THE MATURE FEMALE RAT 

1. Single Dose. Fifty-nme female rats vaiw'ing in age from seventy-seven 
to two hundred and seventy daj’s were used. All had regular four or five day 
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HAT 


nos,\(;t', 

nrrctT.-^ 

>r Ti:i: \T.'.ti:.\'T 

Id('ntilic:tti(in .Vgo in 

i );iv of 

In fair) 

EQCJr 

! 

number 

dav"- 

ootrii*. cycl 

■ ro<*nti:i‘n- 

rc'juiii'-f 

.M .a ting 

77' 

210 

0 

10 

none 

no 

CiS 

2-15 

*) 

10 

none 

‘ no 

(;2 

270 

*> 

20 

none 

III) 

r,7' 

.s:{ 

•> 

2.5 

HOIK’ 

no 


112 

•) 

25 

itotie 

no 

m' 

2:1:? 

*> 

.■)9 

none 

no 

219 

12s 

0 

59 

none 

no 

2ns 

i::6 


.'lO 

K(1CU 

mating 

217 

9:! 

•> 

.50 

KfjCH 

m.atiim 

lUC 

i.s:-; 

•) 

50 

K(^{'H 

no 

202 

I2.S' 

2 

100 

VAiCn 

mating 

220' 

IS9 

♦) 

too 

VAlVn 

mating 

;io:i 

12.2 

2 

100 

VA}cn 

mating 

7.2 

2 1 2 

«> 

100 

none 

no 

70' 

190 

2 

100 

none 

no 

7-1 

227 

2 

100 

notie 

no 

202 

122 

2 

1 50 

H(2(’H 

mating 

7(i* 

100 

2 

1 .50 

none 

no 

7.7' 

200 

2 

1 .50 

> none 

no 

(i() 

l-ll 

2 

200 

none 

no 

01 

2-15 

2 

200 

none 

no 

102' 

77 

2 

200 

none 

' no 

io;r 

77 

2 

200 

none 

1 no 

10.7 

182 

2 

200 

; notie 

no 

200 

14-1 

2 

1 200 

1 none 

I no 

09' 

82 

2 

i 200 

i none 

! no 

201 

121 

2 

! 200 

1 none 

1 no 

97' 

100 

I 2 

1 201) . 

i K(K’U 

no 

7<S 

217 


200 

VlQCll 


6.5 

240 

2 

200 

1 EQCR 


90 

224 

2 

200 

! lOQCR 

j no 

67' 

245 

2 

200 

i-:qcr 

no 

95' 

126 

9 

200 

EQCR 

1 no 

69 

242 

2 

200 

EQCR 

no 

72' 

106 

2 

150 

none 

no 

64 

213 

3 

100 

none 

no 

79 

225 

• 2 

200 

none 

no 

7P 

149 

3 

200 

none 

no 

98 

247 

3 

200 

none 

no 


* Symbol EQCR used in this table indicates ear quivering and copulation response. 
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cycles as shown by their running acth’ity. Single doses of radiation to the 
pituitary varjdng in amount from 10 to 200 r were given to thirty-nine of 
these rats as shown in Table 1 ; twenty were used as controls. 

Thirty-four of these thirt 3 '’-nine rats were treated on the morning of the 
second day of the cycle. None of five rats of this gi’oup recemng less than 
50 r showed any evident response to the radiation treatment. However, 
three of five rats given 50 r ; three of six rats given 100 r; one of three rats 



Fig. 1. Tj'pical activity record of one rat (Xo. 7S) in whom an EQCR response 
was noted on day-two of the oestrus cycle following a single treatment of 200 roentgens 
to the pituitary. 


given 150 r; and seven of fifteen rats given 200 r showed signs of heat from 
one to two hours after treatment, which persisted for four to twelve hour.s. 
These findings were similar to those observed on the normal day of heat, 
which day is day-one of the cycle, differing only in that the running activ- 
ity did not increase but tended to drop off, as in the untreated rat. Thu.'^. a 
reappearance of heat signs was observed in fourteen (41.2 per cent) of 
these thirty-four rats following radiation, while twenty appeared to be un- 
affected by the treatment. The actmty records of the.se rats were followed 
for 20 to 30 cycles after treatment and no change was noted in the periodi- 
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cilA’ of Iboir cyclos. A typicnl artivily rocjxvi of oik* of these rats in whom 
an I'iQC'R n'sjionse was noted fnliowinfi a trf*atnient of 200 r is shown in 
Figure 1. All of the fourteen raisin whom an I'XJCH response was obtained 
on (lay-two following jntuitary radiation were cheeked for mating and 
eight or 57.2 per eeni accepted tlu' maU; and two ))regnaneies resulted. 

'Fhe remaining five of the thirty-nine nits were treated on the morning of 
day-three of the cycle with doses varying from 100 to 200 r, but none of 
them appi'aivd to be nITected in any way by the tr(>alment. 


Taiu.c. 2. llnsei.Ts I'oia.owi.vc Smam. Sr.uiAi, Dn.-^r.s oc HDaNToes Raimation 
D nna-nm •!'«) Tiir. RiTviTAiiV or TwrsTY-'rititr.r, .Sr.xvAta.v MATCur. Amuno 
Fi'.mai.i; Rats on Tiir, .^r.coso Day or ICacii {’oNsrcfTivr. Cycm; 

• Xiunber of 

Xuin!)(‘r of rats showitm an I'Rjf'R response to i rats that 
Xuml)or . failed to 

of rats ^rratinont ' ; show ECQR 

treated TitirAT.imNT i response 

, ^ , I after 15 

' ' 1st 2nd ' :ird -Ith ' oth ' Gth ' 7th ' Stii i treatments 

I ' , I , 


n 

.5 

,3:2 1 ; i ' 

1 

i 

3 

0 

10 

i , i 1 ! ■ ' 

! 1 
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1 

i In i 

Mi: 

i ; 

( 
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1 

1 
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20 1 

! 1 



1 i 

1 

2 

1 

25 1 

ill! 

' 1 1 


1 

— 

Total 2,3 


S 2 ! 2 1 

1 


1 

9 


In the group of fifty-nine rats the twenty used as controls were handled 
ill a similar manner to the thii-ty-ninc treated rats, but no radiation was 
given. This was done to eliminal.e the possibility that handling alone might 
account for the EQCR response noted following treatment. None of the 
twenty controls showed any signs of heat on da^'^-two or change in the 
regularity of their cycles as a result of this handling. 

2. Serial Doses. A group of thirty-one sexually mature female rats was 
used to study the effect of serial treatments to the pituitar 5 ^ Twent 3 ’'-three 
of these received radiation and eight were used as controls. Radiation was 
given in doses from 5 to 25 r on the second day of each cycle. These same 
doses were repeated for as many as 10 to 15 consecutive cycles to deter- 
mine whether there was any prolonged effect. The largest total treatment 
received by any one rat was 300 r. A summary of the EQCR response 
obtained by this method of serial radiation of the pituitary is shown in 
Table 2. 
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Three of the nine rats receiving 5 r responded to the initial treatment, 
tw'o responded to the second treatment, one to the third treatment, and 
three were unaffected after fifteen treatments. 

One of six rats given 10 r responded to the first treatment, one responded 
after eight treatments, and four were unaffected after fifteen treatments. 
One rat recei^ang 15 r responded to this initial dosage. 

Three of six rats given 20 r responded to a single treatment, one re- 
sponded after five such treatments, and two were unaffected after fifteen 
treatments. 

One rat recehdng 25 r responded after the third of such treatments. 

T.A.BLE 3. PiTUITART, OVARIAX, AXD UTERIXE WEIGHT DeTERJIIXATIOXS IX SeXHALLT 
j\L«CRE Aebixo Female Rats Foeeowixg Radiation of the Pituitary 


Rat 

identi- 

fication 

number 

Pit. wt. 
in tng. 

Pit. wt./ 

XIO'* 

Pit. wt./ 
B.L. 
XIO'* 

Ov. wt. 
in mg. 

Ov. wt./ 
B.W. 
X10'« 

Ov. wt./ 
B.L. 
X10-‘ 

Ut. tn. 
in mg. 

Ut. wt./ 
B.W. 
XIO-t 

Ut. wt,/ 
B.L. 
XlO't 

Treat- 
ment in 
(air) 

Co.VTBon Rats (Dat-Two) 

104 

mm 

.540 

.585 

103.1 

4.66 

5.24 

505.6 

21.8 

24.4 


6S 


.424 

.480 

75.0 

3.32 

3.75 

317.6 

13.8 

15.6 


73 

BuW 

.507 

.525 

83.1 

4.05 

4.20 

359.3 

17.5 

IS.l 


102 

12.3 

.545 

.600 

105.7 

4.67 

5.15 

632. S 

28.0 

30.9 


75 

12.0 

.629 

.609 

110.5 

5.79 

0.61 

604.5 

31.6 

30.7 


78 

14.1 

.572 

.678 

99.7 

4.03 

4.80 

532.7 

21.5 

25.6 


77 

12.5 

.553 

.598 

87.2 

3.86 

4.18 

555.9 

22.9 

26.2 


Total: 

82.6 

3.770 

4.075 

669.3 

30.38 

32.93 

3508.4 

357.1 

171.5 


Average; 

11.8 

.538 

.582 

95-6 

4,34 

4.70 

501,2 

22.4 

24.5 


Treattd R.1TS (Dat-Two) 

215 

m 

.665 

m 

106.2 

4.28 

4. 98 

607.5 

24.5 

28.5 

200r 

220 


.596 

msm 

111.2 

4.35 

5.18 

613.9 

24.1 

28.6 

lOOr 

2IS 

13.0 

.552 

.61- 

120.6 

5.00 

5.65 

529.8 

21.9 

24 .8 

ICr 

205 

14.7 

.596 

.688 

70.7 

3.02 

3.39 

6S2.9 

29.2 

32.6 

lOr 

214 

15.2 

.630 

.730 

79.6 

3.06 

.3-76 

744.0 

28.2 

35.1 

5r 

204 

14.8 

.641 

.711 

KM." 

4.52 

5.04 

511.3 

22.7 

24.6 

iCr 

Total: 


3.6S0 

4.232 

593.0 

24.23 

28.00 

3689. 4 

150.6 

174.2 


Average: 


.613 

.705 

98. S 

4.04 

4.66 

614.9 

25.1 

29.0 


U?miEATED Rats Oestucs (Dat>One) 

71 

13.4 

.556 

.641 

101.9 

4.61 

4.94 

828,4 

34.4 

39.6 


211 

14.1 

.576 

.659 

112.3 

4.54 

5.20 

1143,1 

46.6 

53.3 


305 

12.5 

.558 

.601 

107.6 

4.81 

5. IS 

1112.3 

49.6 

53.4 


200 

12.5 

.546 

.610 

101.4 

4,45 

5.03 

117S.7 

51.5 

5S,I 


95 

14.3 

.622 

.697 

103.9 

4,51 

5.06 

1084.5 

47.1 

52.0 


74 

13.6 

.670 

.657 

S2.9 

4. OS 

4.19 

971.1 

47.4 

49.0 


Total : 

S0.4 

3.52S 

3.901 

610.0 

27.00 

29.60 

5718,1 

276.6 

306.0 


Average 

13.4 

.5SS 

.650 

lot. 6 

4.50 

4.03 

1053.0 

46,1 

51.0 



Tit. Wt. ^Pituitary treicht. BX. “Body kncth. 

Ov. Wt. .=Oratiaii weicht. B.W. “Body wricht. 
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The eight controls of this group of thirty-one rats received no radiation 
and tlioy showed no .signs of heat on day-two as the rcsnlt of handling. 

3. Gross Anotomicol Studies. Six of the rats who showed an EQCR re- 
sponse following radiation treatment on day-two were sacrificed six hours 
later together with seven claj-tAvo controls. Tlic pituitary, ovaries, and 
uterus were removed and w'eight determinations made. These were then 
compared with similar studies made on six imtrevatcd rats sacrificed on 
day-one, the normal day of oestrus. Tlic ratio of these organ weights to 
that of the whole body weight and bod}'' length of the rat were calculated 
for all three of these groups, to make allowances for differences in the 
weight and size of the animals. The weight determinations and the average 
for the three groups are shown in Table 3. 

The average percentage differences in the organ weights of the un- 
treated rats sacrificed on the day of oestrus as compared to the untreated 
control rats killed on day-two is shown in Table 4. The average pituitary 
weight was 13.5 per cent greater in the rats in normal oestrus, but tins 
difference is reduced to 9.2 per cent due to the average greater body weight 
in this group. There is no significant difference in ovarian weights when the 
averages for the two groups are compared. The average uterine weight of 
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the rats in normal oestrus however, was 110 per cent above that in the two- 
day controls. 

The average percentage differences in the organ weights of the treated 
rats as compared to the untreated control rats sacrificed on day-two are 
shown in Table 5. The average pituitarj’- weight was 26.2 per cent greater 
in the treated rats when compared to that of the controls but this differ- 
ence is reduced to 1.3.9 per cent when body weight variations are considered. 
The average ovarian weight was essentially the same in the two groups. 


Table 5. The Average Difference in Organ Weights between Feiiale 
Rats Treated on Dat-Two and the Day-Two Controls 
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13.90 
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— 

— • 

22.6 

12.00 

IS. 40 
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The average uterine weight was 22.6 per cent greater in the treated rats 
but this difference is reduced to 12 per cent on considering body weight and 
bodj" length variations. 

(B) EFFECTS OF P.ADIATIOX OF THE PITTJIT.ARY OX THE 
DEVELOPMENT OF THE SEXUAL SY.STEM OF THE 
IMMATURE FEMALE RAT 

1. Single and Serial Doses. Twenty-two immature female Wistar albino 
rats twenty-eight days in age were used in this part of the study. 

Of the first ten rats studied, eight ivere treated by radiation of the pituit- 
ary in small doses varjnng from 5 to 50 r, and two were used as controls. 
A pair of rats was given doses of 5 r, one receiving onh* a single treatment 
whereas the other received five treatments on successive daj's. Similarly the 
other three pairs were treated with single and with five daily doses of 10, 
20, and 50 roentgens, respectiv^y, as shown in Table 6. The maximum 
dose received by any one rat was only 2.50 r. These rats were then followed 
daily until vaginal opening occurred. One died of unknown cause before 
the study was completed. Vaginal opening occurred at ages ranging from 
fifty-three to sixty-five days in both the controls and treated rats. This is 
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within tlu', normal limits for liu; onsot, of soxual maturity as manifostcd by 
vajiinal oj)(ming, according to the work of Long and JOvnns (45). 

.lOighI of tlio romaining twclvn immature rats were then similarly treated 
with single and five daily treatments of 10, 20, 50, and 100 roentegns and 
the otlier four were used as eontrols. 'I’hestJ animals were saenfi(;ed twelve 
days after radiation of the j)ituitary and pituitary, ovarian, and uterine 
weight (1(4 erminat ions were made as was done with the scxuallv-mature 

V 

rats. 1 here was no significant organ weight. difTercnec between these 
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eight treated rats and their four eontrols. Grossly the appearance of these 
treated organs was in no way different from the control untreated organs. 

V. DISCUSSION , 

In a study of the effects of various pitiiitaiy and ovarian hormone pre- 
parations on the rhythm of the oestrus cycle and running activity of the 
rat, Farris (47) was able to show that the appearance of the clinical signs 
of heat was dependent upon the secretion of follicle-stimulating hormone 
by the pituitary and the resultant stimulation of estrogen production in 
the ovary. The increased running, however, was largely due to estrogen. 
Urine extracts high in their luteinizing effect when injected into the normal 
rat on the day of peak activity caused a sudden marked drop in its activity 
and disappearance of heat signs. Similarly injections of progesterone caused 
a decrease in activity but this was not as marked as that following injec- 
tions of pituitary luteinizing hormone. Thus he was able to correlate the 
running activity of the rat with the various hormone preparations believed 
to be involved in the production of the oestrus cycle. 
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Signs of heat, mating* and an increase in running are normally observed 
during the period of oestrus, on the first day of the oestrus cycle. This 
period of oestrus lasts from eight to twelve hours. Farris, (45) in a pre\ious 
study of a large number of rats, has observed only occasionally these phys- 
iological signs of heat on the second day of the cycle or the metoestrus 
period. 

None of our twenty-eight controls in the sexually mature group handled 
similar^ to the irradiated rats in this group showed any signs of heat or 
change in the regularity of their cj-^cles as the result of handhng. 

Thus, the reappearance of heat signs on day-two of the oestrus cj^cle, 
from one to two hours after single or multiple doses of radiation of the pit- 
uitary in twenty-eight (49.1 per cent) of fifty-seven sexually mature fe- 
male albino rats, seems to indicate that x-rays can produce a transient 
effect on pituitary function. Fifteen (53.5 per cent) of these twenty-eight 
rats accepted the male, resulting in four pregnancies and one p.seudopreg- 
nancy. Is this transitoiy effect due to a sudden release of f ollicle-stimu- 
lating hormone by the pituitaiy as a result of an increased vascularity or 
increased cell permeability secondary to cellular injury following radia- 
tion? That such initial changes can be observed in tissues immediately 
follo\\ing roentgen therapy is well known. Ewing (48) states that this ini- 
tial hjTjeremia seems to be merely a somewhat peculiar inflammatory 
process -wfith vasodilatation, exudation of serum, leukocjdes, and red cell 
infiltration. An increased permeabihty of the cell membrane maj’’ result 
from cellular damage. 

Gross studies showed the pituitaries of six of our irradiated sexually ma- 
ture rats to be more erythematous in color than those of the da^^-two 
controls. In addition, the average weight of the pituitary glands of the 
treated rats was at least 13.9 per cent greater than that of the controls. 
This increase in weight of the pituitary gland following radiation is similar 
but slightly greater than that found in rats in normal oestrus. An increase 
in uterine weight is beheved to be due to estrogen secretion. Though the 
average uterine weight was at least 12 per cent greater in the treated rats 
when compared to that of the controls, suggesting some increased estrogen 
secretion by the ovary following radiation of the pituitar}', this increase in 
weight was not nearlj"^ as marked as the 105 per cent noted in rats dming 
normal oestrus. This possible increased estrogen secretion was apparently 
not sufficient to produce an increase in running. 

No EQCR response was obtained in 50.9 per cent of the fifty-seven se.x- 
ually mature daj'-two irradiated rats. This failure may have been due to 
the fact that in these rats metoestrus had already become sufficiently well- 
established so that even though additional follicle-stimulating hormone 
was released following radiation of the pituitary, it was not sufficient to 
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the case since neither sinf!:le nor serial doses of x-rays in the dosages \ised in 
fliisslndy Innl any efTeef on t he developinenl of the sexual system of sixteen 
iininature t\v<'nty-eight day old female rats, This is prescaited as further 
evid('uee that x-rays eannot direct ly stimulate tiormal cellular growth. 

VI. sr.MMAHV 

hive sexually mature hunale Wistar albino rats were given single, doses 
of roentgen radiation to the pituitary varying from 100 to 200 r, at. 7. .30 
n,m. on the third day of tlu'ir fu'sirus cycles and noiu; appeared to bo af- 
fected by treatment. 

Fifty-seven sexually mature female W'istar albino rats were given single 
or multiple doses of roentgen radiation to the jritiiitary varying from 5 to 
.300 r, at 7,30 a.m. on the se(;ond day of their 0 (‘strus eyeles. 

Twenty-eight additional rats were used as controls. 

Physiological .dgns of lieat, ear {|uivering and copulation response 
(EQCR), were observed in twenty-eight (‘10.1 ])er cent) of the fifty-.sevcn 
rats from one to two hours following treatnumt. O’hese signs of heat lasted 
for six to eight hours, Fifteeu of these twenty-eight rats accepted the male. 
Four pregnancies and one jiseudopregnancy resulted. The running activity 
was recordcfl for 20 to 30 cy(des after treatment. No change was noted in 
the running activity or periodicity of tlie oestrus cycle of the treated rabs. 

Gross anatomical studies and wciglit determinations were made of the 
piUiilarics, ovaries, and uteri of six of the day-two treated rats who showed 
an EQCP, as well as of the .seven day-t wo cont rols, The pitiiitai\v weights 
of the treated rats appeared to be significantly greater than those of the 
controls. The ovarian weights were similar in the two group.s. The uterine 
weights of the t.rcatcd rats were slightly gi'catcr than t hose of the controls, 
but this increase in uterine weight, was not nearl}'- as definite as that noted 
in rats during the normal oestrus. 

Sixteen immature female Wistar albino rats were given either single or 
five .successive daily roent.gc]i t reatments to the pituitary with doses vary- 
ing from 5 to 100 r per treatment. 

Six additional rats were used as controls. 

Eight of the immature treated rats were followed until vaginal opening 
occurred at ages ranging from fifty-three to sixt 3 ’'-five days. This is within 
the normal limits of age for the onset of .sexual maturity. 

Eight additional immature treated rats and four controls were sacrificed 
twelve days after radiation of the pituitary, and. pituitary, ovarian, and 
uterine weight determinations made. Grossly the appearance and weight 
of the organs from the treated immature rats were in no way different 
from their controls. 
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' VII. CONCLUSIONS 

As a resvilt of these studies the following conclusions were reached; 

1. Low dosage radiation of the pituitary can produce a transient effect 
on the normal pituitary function of the rat. Though the immediate physio- 
logical effect is in the nature of a stimulus, such an effect is only transient 
and not prolonged. 

2. Radiation of the pituitarj'- in small doses has no effect on the normal 
development of the sexual s 3 'stem of immature twenty-eight daj’- old fe- 
male rats. 

3. There is no erddence that x-raj'^s can stimulate li^dng cells, if stimu- 
lation is meant a continued acceleration of their normal growth or func- 
tion. 

4. Radiation of the pituitarj’’ in small doses has no erddent harmful 
effect in the experimental rat. 
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I r ]S gejK'rnll}’ hoii(!V(‘{l (hnl, closure of (iio cpiphyscfs is caused by (he sex 
horuioiH's. In all iusuflicieucies of (he gonads, whedier primaiy, or 
secondary (o insuflieieiuiy of (ho anierior lobe of (he hypophysis, a delay in 


synoslosis is observcfi. Tliis anomaly of bone age, however, is also to be 
seen in thyroid dofieieney. K. is present, not only in (he mj'xcdcma of in- 
fants and adolcseenis but also in the myxedema of mature women who 
have menstruated regularly for a long time. Thus ISIu.s.sio Fournier and 
Proto (1) liavc published the case of a myxorlematous woman 32 years of 
age, untreatofl with desiecalcd (In'roid, in whom 7nen.st runt ion had occurred 
with normal rhythm .since, (he age of 22 years. In (his patient .some epi- 
phy.seal cartilages st ill exist ed. 

Be.sides (Jic ea.se first mentioned we now j)rcsent four ca.scs of myxedem- 
atoii.s women in whom similar conditions were observed. 


CASE IIISTOllIES 

No. 9156: P. S. w.as .a woman 32 years of age. She was first seen by us because of a 
clinical picture of my.xedema (Fig. 1). A.s an infant, teething, walking and speech followed 
their normal course. She was sensitive to cold from childhood and was habitualij" con- 
stipated. The menarchc occurred at 20 years of age and was followed bj' regular men- 
struation. The S 3 unptom that brought licr to our service was edema of the face and limbs 
which had e.xisted for one year. 

Physical cxammalion: The patient %vas short, (height, 143.0 cms.) and had t 3 '’picall 3 '’ 
m 3 'xedematous facies, dry skin and scalp hair, scant pubic hair and no axillary hair. She 
was mentally deficient. Her basal metabolism was minus 2S per cent and blood choles- 
terol was 590 mg. per 100 cc. Roentgen ray examination of the thorax showed a dilated 
heart with very feeble contractions. The electrocardiogram showed -low voltage. The 
epiphyseal lines of the upper end of the left femur were closed; the epiph 3 >'seal cartilage 
of the upper end of the right femur was still clearly visible. The epiph 3 'seal lines of both 
iliac crests and ischia were open (Fig. 3), 

A remarkable improvement occurred during treatment witli desiccated th 3 Toid, wJiich 
the patient took for the first time (Fig. 2). The thyroid insufficiency apparently began 
after infancy, since teething, speech and walking followed a normal course. 

No. 9147: M. R. was a single woman, 43 years of age (Fig. 5). The sole noteworth 3 '^ 
fact in the family history is that her parents were tall. Regarding her personal history, 
the only thing known is that growth was slow and that she went to school for a year 
without learning anything. From childhood on, she was always listless and very slow at 
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her work. The men.nrelH? oecurre/l .•»{ 13 ynint of npr. .Mejislriintion w.mh reptilar, lasting 
froni to eis'hf flayff. 8h(r h;ui alway.s been etxi.'ffip.'itefl, f^oiociiittes rnovinp her 

howel.*^ foily once a week. .She h;i(l nlway.s .Huffered from the eolri .nmi per.-^jhref! very little. 
Thnm.jihout life (hir.‘;f had l>een .‘<lii;-hf and urine output lf)w. She .said that her hair was 
ron.‘:tnntly falliiifr out and .ahe wa.s nlway.*; drr)W.ay. Her appetite had .alwny.a hecn poor. 
She ronsulted us heenu.'^e of luinhar paiii.a »»f .‘-everal month.s duration. 

Plttjs^irnl rxamijuiltou: The patient jwesented a typieal ea.‘;e of niy.vedcmn, with a 
putTy face, moderately enhiryed tonyue, .“jlowne.s.s rif .speech, dry .skin, .somewlint .scant, 
eonr.se, tlry scaljj hair, seujity pulue hair and no axillarv hair. There wa.s a .small umbilical 
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Fig. 5. M.TL. before treatment. 


Fig. 6 . M.R. after treatment with desiccat- 
ed thyroid. 


hernia. Her height was only 141.0 cm. and her weight was 59.4 Kg. Her mental age was 
about that of a 7-yea.r-oId child. Her basal metabolism was minus 19 per cent and the 
blood cholesterol was 624 mg. per 100 cc. The electroencephalogram and electrocardio- 
gram showed low voltage. Roentgenographs showed an enlarged heart and unclosed 
epiphyseal lines of the iliac crest (Fig. 4). 

Desiccated thyroid was prescribed in a dose of 0.1 Gm. (1|- grs.) daily. During this 
treatment the puffiness of the face, the constipation, the lumbar pains, the sensitivity to 
cold, the dryness of the skin and hair, the drowsiness and listlessness disappeared. The 
electrocardiogram and electroencephalogram no longer showed low voltage. The blood 
cholesterol dropped to 198 mg. per 100 cc. A photograph taken six months after starting 
treatment is shown in Figure 6. 

Here we have a case of myxedema which apparently started in childhood and was un- 
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treated until the age of 42. The early onset is to be deduced from her delaj-ed mental 
processes, (equivalent to those of a 7-year-old girl) and from her small stature, compared 
with her tall parents. 

No. 3310: This woman was 21 years of age. Her physical and mental development 
were normal until the age of S, when growth stopped. At the age of 10 a goiter appeared 
and was removed by thyroidectomy. After the operation she developed puffiness of the 
face, listlessness, constipation, lack of perspiration, sensitmtj- to cold, and impairment 
of memory and hearing. In spite of lack of treatment with desiccated thjwoid, secondary 
sexual characteristics appeared at the age of 15 or 16 years. The menarche appeared at 
the age of 19. 

Physical examination: Examined for the first time at our Institute at the age of 21 
years and 11 months (December 22, 1938) she presented typical mj'.xedematous facies, 
dry skin, coarse dr3' hair, absence of axillar3' hair, and scant pubic hair. Her mental age 
was that of a girl of 13. Her height was onl3'- 132.0 cm. Her basal metabolism was minus 
23 per cent’. A dail3’ dose of 0.05 Gm. ( J gr.) of desiccated th3Woid was prescribed. After 
six weeks the puffiness of the face and most of the s3’’mptoms of th3Toid insufficienc3’ had 
disappeared. The patient took desiccated th3'roid ver3’ irregularl3', omitting it at times 
for as long as three 3'ears. In spite of the insufficient treatment, menstruation was 
regular. On jMa3’ 4, 1945, (nine 3'ears after the menarche) vestiges of epiph3'seal lines 
were still visible at the distal ends of the ulna and radius. On Jul3' 23, 1947, (eleven 3'ears 
after the menarche) s3'nostosis of the iliac crests was still incomplete. 

No. 1338: This woman was 34 3'ears of age. As a child, first and second dentitions 
and speech were dela3'ed. She began to walk at 4 3'ears of age and showed signs of serious 
mental deficiency. A colloid goiter was noticed at the age of five. From her earh' 3'ears 
desiccated th3'roid was taken ver3' irregularl3'. The menarche occurred at 17 years of age. 
From then on, menstruation continued with some intervals of amenorrhea lasting from 
two to three months. 

Physical examination: Examined at the age of 34, her height was 153.0 cm. Breasts 
and pubic hair were well developed. A roentgenogram of her peh-is showed the epiph3'- 
seal lines of the iliac crests still open. 

DISCUSSION 

We have presented here the histories of four myxedematous women in 
whom there was exddently a retarded closure of certain epiphyseal lines, in 
spite of menstruation ha\'ing begun a long time previously. The menarche 
had appeared twelve years before in the first patient, twenty-nine years 
before in the second, eleven years before in the third, and seventeen years 
before in the fourth patient. 

These facts lead one to suppose that estrogens alone are not sufficient to 
lead to closure of the epiphyseal lines. It would seem that the thyroid hor- 
mone plays a part in this process. It may act directly upon the epiphyseal 
cartilages in co-ordination with the estrogens. On the other hand, it is also 
possible that the thyroid hormone, by means of direct or indirect action, 
may induce the adrenal cortex to secrete some hormone which influences 
closure of the epiphv'ses. 

In order to explain why the delay in sx'nostosis is greater in panhj'pO" 
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])i(nilMrisni llijui in ovarinn iiisuflicioiKty, Alhrijilit vl al. (2) h.'ivo siiggcsted 
(hat (ho adrannl corlcx may contrihulc lo rhisurc of (ho opiphysos. 

'Fho oxisl(Mi(T of an adrenal cortex defieieney in tin* course of myxodcnia 
is demonstrated by deerc'ased 17-k<^tosteroi(I e.xeiadion. and i)y the return of 
this excretion to normal after (lu* adndnist ration of fUisieeated thyroid, 
'rhis fact is in accord with the liypf»lli(*sis wc havci sidnnitted, namely, that 
a deficiency of th(' adn'nal (;orlex may he a factor in myxedema (tontribni- 
ing to delay in closure of the e]7ij)hyses in sjdle of normal ovarian bmetion. 
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THE URINARY 17 -KETOSTEROID LEVELS OF 
HUMAN LEUKEMIC SUBJECTS' 

LOUIS LEVIN-, Ph.D. 

From the Harry W. Sherman Hematology Research Laboratories, and the 
Clinical Service of Dr. Raphael Isaacs, Attending Physician in 
Hematology, Michael Reese Hospital, Chicago 

T he dependence of Lnnphoid organ size and weight upon adrenocor- 
tical function has been adequately demonstrated (1 to 6). Recent eU- 
dence (7, 8, 9) indicates that functional actiUty of Ijunphoid tissue is like- 
Mse intimately related to the secretorj-^ activity of the adrenal cortex. 

Because Ijunphatic leukemia is characterized in part b}- hj-pertroph}' 
and hjq3eracti\’it3" of the Ijunphoid tissues, it is reasonable to inquire into 
the possible involvement of the adrenal cortex in the leukemic sjmdrome. 
To this end, an evaluation of adrenocortical secretorj" actiUty in relation 
to the leukemic sjuidrome has been attempted. Two of the available cri- 
teria for measuring the actiUty of the gland have been emplo 3 ^ed. Adrenal 
cholesterol concentration, thought (10) to be an indicator of the secretory’- 
acthuty of the cortex, has been determined in mice before and after the 
induction of Ijunphatic leukemia. It was found (11) that in mice the dis- 
ease is associated with a markedlj'" decreased level of adrenal cholesterol, 
indicating a disturbance in the rate of secretion b}’’ the adrenal cortex. 

The data presented in the present report were obtained bj' determination 
of the urinarj’’ 17-ketosteroid excretion levels of leukemic as compared to 
normal human subjects. The 17-ketosteroids are commonlj" thought to be 
largelj^ derived from adrenal cortical hormones bj’’ metabohc degradation. 
The quantities of these substances excreted thus affords a tjq)e of measure 
of adrenal cortical secretoiy acti^it 3 ^ 

The leukemic subjects studied were patients hospitalized® for various 
treatments of the leukemic s 3 Tidrome, most frequentl 3 ^ blood transfusion. 
Insofar as was possible, urine specimens were taken before an 3 ’ “adrenal- 
activating” treatment (such as irradiation or administration of arsenicals) 
was instituted. The diagnoses and t 3 'pes of leukemia are indicated in ap- 
propriate places. The control subjects were health 3 ' laborator 3 ' personnel 
presumed to be nonleukemic. 

Received for publication January 16, 194S. 

' Aided bj- a grant from the Hematology Research Foundation. The laboratories are 
in part supported by the ^lichael Reese Research Foundation. 

- Present .address: Department of Anatomy, College of Phy sicians and Surgeons, 
Columbia University, New York, X. Y. 

^ The leukemic subjects were patients of Dr. Rapliael Isaacs, who made the diagnoses 
of the various tj-pes of leukemia indicated. 
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A siifrhi. niorlifirj.tion of tho moJhofl of ('allow, Callow and Emmen.s 
(12) was used for <ho 17-K-(dos((‘roi<l didcniiinalions. I( is lo bo iiotod that 
tlio fraolionalion j)rocodnro inrhirlod Iroatinonl wilh Cirard's Jlcaponl T 
ill ordor lo ciiiuimila iio/dcidonio ohroma^^cns. 
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^ Tlio data derived from ;i!) <le(erminalions of 17-kolosloroid oxerctioii by 
S leidv'omie and (i normal snbjoels are presented in 'I'abje 1. 
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Inspection of the data shows that all three of the Ijnnphatic leukemic 
subjects excreted niarkedlj'’ I’cduced amounts of 17-ketostei’oids as com- 
pared to nonleukemic individuals of the same sex. On the other hand, those 
patients having leukemia other than the lympliatic variety (one acute mye- 
logenous; one chronic mjmlogenous; one acute undifferentiated) excreted 
quantities of 17-ketosteroids of the same magnitude as did normal subjects 
of the same sex. Two exceptions were the man with acute aleukemic leu- 
kemia and the woman with acute monocytic leidcemia, both of whom ex- 
creted small quantities of 17-ketosteroids. However, it does not seem un- 
likely that each of these two types may be more closelj^ related, physio- 
logically, to lymphatic than to myelogenous leukemia. 

It is to be noted that the 17-ketosteroid excretion levels were not well 
correlated with clinical conditions. Thus, cf A.F., suffering from acute 
undifferentiated leukemia and almost moribund at the time the urine col- 
lections were made, excreted normal amounts of 17-ketosteroids. On the 
other hand, cf H.A., although he had only a mild case of chronic ^aliphatic 





June, 194 s 


KETOSTEROIDS IN LEUKEMIA 


489 


leukemia, excreted greatty reduced quantities of 17-ketosteroids. The lack 
of correlation between clinical condition and 17-ketosteroid excretion level 
suggests that debilitation was not the crucial factor here. 

The results are not vitiated by the fact that most of the leukemic sub- 
jects were in the older age range. It may be noted, for example, that c? 
L H., aged 51, excreted normal quantities of 17-ketosteroids while the urine 
of cf S. La., aged 49, showed a markedly reduced 17-ketosteroid titer. 
Likewise, 9 H., aged 66, excreted normal amounts, whereas 9 F, aged 50, 
excreted but little 17-ketosteroid. 

It thus would appear that only Ijnnphatic leukemia, even in relatively 
mild chronic cases, is associated with decreased urinary 17-ketosteroid ex- 
cretion. This finding correlates ver}”^ well ndth the report of Dobriner et al. 
(13) that the qualitative distribution pattern of urinary 17-ketosteroids is 
deranged in lymphatic but not in myelogenous leukemia. 

The present results are not interpreted as pointing to the adrenal cortex 
as a causative agent in l 3 Tnphatic leukemia. However, when considered 
together with the results obtained from leukemic mice (11) as well as with 
the results of other laboratories (13), they suggest that the possible partic- 
ipation of the adrenal cortex in the leukemic sjmdrome merits further in- 
vestigation. 

SUMMARY 

The urinary 17-ketosteroid level of 8 human leukemic subjects has been 
studied. Markedly subnormal quantities were excreted by 5 of the subjects 
in whom the diagnoses were chronic lymphatic leukemia (3 cases), acute 
aleukemic leukemia and acute monocj'tic leukemia. The 17-ketosteroid 
excretion was not depressed in three additional patients with leukemia, 
one with the acute and one with the chronic myelogenous variety and one 
\rith the acute undifferentiated type in the terminal stages. These findings 
indicate a need for further study of the possible participation of the ad- 
renal cortex in the Ijmphatic leukemia sjmdrome. 
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PROGRAM OF THE 1948 
•LAURENTIAN HORMONE 
■ - CONFERENCE - ' ■ 

Forest Flills Flotel, Franconia, New Hampshire 
September 13-18 


Because of limited accommodations, attendance is inmtation. Corre- 
spondence should be addressed to: Dr. Gregor}^ Pincus, Chanman, Com- 
mittee on Arrangements, 222 Maple Avenue, Shrervsburj’-, Alassachusetts. 

I. STEROID HORMONE METABOLISAI ‘TN ^HYO'’ 

AND “IN VITRO” 

Some aspects of Progesterone Aletabolism 

Dr. G. E. AIarri.\n, Univer&ity of Edinburgh 

Monday Evening, September IS 

Recent Developments in Our Knowledge of Estrogen Metabolism 
Dr. R. D. H. Heard and Mrs. J. C. S.affr.ax, McGill University 
Tuesday Morning, September I4 
The Metabolism of Androgens by Tissues 
Dr, Leo T. S.amttels, University of Utah 

Tuesday Morning, September I4 

The Aletabolism of Estrogens vith Particular Emphasis on Clinical As- 
pects of Physiology and Function of Ovarian Hormones 
Dr. Albert Segaloff, Alton Ochsner Medical Foundation 
Tuesday Evening, September 14 

II. THE ROLE OF HORMONES IN TISSUE AND 
BODY METABOLISM 

The Antihormone Problem in Endocrine Therap}^ 

Dr. J.^iiES H. Le.athem, Rutgers University 

Wednesday Alorning, September 15 

Integration of the Aletabolic Effects of Adrenal Cortical, Thvroid and 
Growth Hormones 

Dr. Abrahaai Y'hite, University of California at Los Angeles 
Wednesday Morning, September 15 

T-he Alterations in ^Metabolism Incident to Administration of Insulin. 

AdrenaUn and ThjToid Substances, Studied with the .-Vid of Iso- 
topes 
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Dh, DiAVr-n’ Sriyrri-.x, Ju., Ilarmrd l/riincmly iMcdical School 
Wcdncsdaif ICccuiruj, Septemher lo 
"I’ho I\'in(!ro.'Ks .-i^ tho CJnnnliiui of the Liver 

Dh. C'ltAHOKS H. Best, fLoVrr.sjV;/ oj 'J'oronto 

'riiur,K(laif Mornnuj September 10 

Aletnholic Changes in Man I'oilowing Adrenal and Pit nil ary Hormone 
"i’h crapy 

Dji. Gkohok 'i'noiEN', Harvard Umvcrsili/ Medical School 
Thurcdaif Morninp, Scplemhcr 16 


nr. keubohumohai.-hy]'o™ai.amic: rrELATioNsi-iiPs 

Adrenal Function in Alenlal ])isca.sc 

Dn. CiiEGOHY PiKcus, Hr. Hudson' Hoaolan'd, Dh. H.uiuy I'^jibe- 
MAN' and AIh. Fhkd r*]EMAn.nAN’', IPorccsCr Foundalion for Experi- 
mental Biolofpj 

Thursdaij Evening, September 10 

Manifestations' of Altered Antonoinie and Humoral Fimction.s in Psycho- 
neuroses 

Dn. iroBERT A, CuEGnonx, and Dn. B. F. Graham, McGill University 
Friday Morning, September 17 

Effects of Hypothalamic Lesions on Water and Energy Metabolism in the 
Bat 

Dr. James A, F. Stevenson, Yale University 
Friday Morning, Septemher 17 


IV. THYROID PHYSIOLOGY AND FUNCTION 

Physiologic Reactions of the Thyroid Stimulating Hormone 

Dr. Rulon W. Rawson and Dr. AVilliam L. Money, Massachnsetts 
General Hospital 

Friday Evening, Septejiiber 1 7 

The Metabolism of Iodine as Disclosed by the Use of Radioiodine (1131) 
Dr. F. R. Keating, Jr., and Dr. Alexander Albert, The Mayo 
Clinic 

Saturday Morning, Septemher IS 

Radioiodine as a Diagnostic and Therapeutic Tool in Clinical Medicine 
Dr. S. M. Seidlin, The Montefiore Hospital 

Saturday Morning, Septemher 18 
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ADRENALS ' 

Clarke, A. P. W.; Cleghork, R. A.; Fergusok, J. K. W., and Fovtler, 
J. L. A.: Factors concerned in the circulator}’^ failure of adrenal insuf- 
ficiency, J. Clin. Investigation 26:359-363, 1947. 

Id an effort to determine the factors concerned in the circulatorj' failure of adrenal 
insufficienc}', changes in blood and interstitial fluid volumes have been obsen-ed in 12 
e.\periments upon 8 adrenalectomized dogs in crisis and under adequate treatment rrith 
cortical e.-ctracts. In conjunction mth treatment, attempt has also been made to appraise 
the influence of deso.vj'corticosterone acetate and a low salt intake. The plasma volumes 
were measured b}- the use of the blue dye T 182-1 according to a modification of the 
procedure of Gregerson and Stewart. Total blood volumes were calculated from the 
plasma volume. The volume of interstitial cell fluid was determined by the sulfocyanate 
method. In crisis, plasma volumes were about 30 per cent, total blood volumes 17 per 
cent and interstitial fluid volumes five per cent to ten per cent below the normal. Three 
different types of regime for controlling the adrenal insufficiencj- were used; I. cortin, 
1 cc. twice daih' plus a diet containing two per cent sodium chloride; II. cortical extract, 
4 cc. twice daily, plus one per cent sodium chloride; and III, deso.xycorticosterone ace- 
tate, 1.25 mg. daily, plus a diet containing one per cent sodium chloride. In each in- 
stance, determinations were made during periods of adequate control and in crisis 
following withdrawal of treatment. Changes in the interstitial fluid varied considerablv 
and were most marked in those animals to which desoxycorticosterone acetate was 
given. Groups I and II behaved similarly throughout periods of control and crisis. 
Plasma volume was distinctly higher in group III, and, while values for interstitial fluid 
varied considerably in all groups and from animal to animal, such changes were most 
marked in those animals that received desoxycorticosterone acetate. Following the with- 
drawal of cortin from those animals that had simultaneously received extra salt during 
the control period, the intake of water and the output of urine were both markedly 
increased, suggesting interference with the kidney’s capacity for excreting a urine con- 
taining a high concentration of .=alt. Observations not reported in the present communi- 
cation showed “that there is a considerable loss of protein, especially albumin, from the 
circulating plasma during the development of adrenal insufficiency.’’ On the basis of the 
data presented, several conclu.-'ions have been drawn. Factors concerned in the decreased 
plasma volume obseivcd in the crisis of adrenal insufficiency include a lo.-s of tot.al 
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t'Xtrji'Colliiliir fluid due Id ji loss of smliuiu uiid :v rutt'ididii (if pdl.'ij^siuin iiiid u rodiiction 
ill pl.'istua pt-dfcitis will) a rt'MiUiii.i; lu-s df plasma Id flic cxtravasciilar sjiai^os. Tho 
roductidii in plasma volume alone does not account for the circulatory failure found in 
crisis, (’aniiac failure, "(onellier wifli decreased capillary tone” may he resjionsihle “for 
the severe circulatory failure associated with the ajiparently moiieratc decrease in blood 
volume.” Renal excretion accounts for the major portion of the loss of interstitial fluid, 
hut there is also a significant .shift to intracellular spaces. — T. If. Mc(!. 

DouttHHit'i'Y, I . :ui(I tiiTi:. A.: An uvnlnnlinn of ait orations jjvocluccd 
in lyinpiioid tissno by pituitary-adrenal eortioal soorotion, J. Jjih. 
Clin. Mai. 32 : oS-i- (iOo, l<l-!7. 

'1 his article repit'semts a revit'W and critical evaluation of the rather extensive work of 
the authors and of oIIkus on the pituitary-adrenocortical regulation of the activity of 
lymphoid tissue. 'I'lie known influences of fli(> hormones of these (wo gland.s upon 
lym])lH)id tissue may he summarized under several headings: 1) Linnphoid (issue weight: 
Injections of adrenotropic hormone of the pituitary caused a significant decrease in the 
weight of the lymiihoid tissue of rats and mice, with the most marked decrease occurring 
in (he thymus gland, d'he spleen enlarged, due to edema and to the accumulation of de- 
generating lymphocytes hut its Malpighian corpuscles were markedly decrea.scd in size. 
Adrenalectomy reversed those proce.-ses with a marked hyperplasia of all the lymjdioid 
organs. Desoxycorticosterone acetate was without influence on the hunphoid tis.sues in 
cither the normal or adrenalectomized animal. 2) Adrcintl size (uui cholesterol content: A 
.single injection of adrenotropic hormone caused a shar)) drop in adrenal cholesterol. 
Repeated daily injections were associated with an increase in weight and a rise above 
normal in the vnliie.s for cholesterol, d) Circulating Itjmphor.gtes: Single and repeated in- 
.scction.s of adrcnotroj)in produced a lymi)hopcnia, which was maintained throughout 
the exi)orimcntal period (observations have been made through 15 clays of duilj’- treat- 
ment). Adrenalectomized animals with and without desoxycorticosterone acetate therapj' 
showed a significant leucocytosis and lymphocytosis; which was not due to hemoconcen- 
tration. The lym])ho])cnic reaction began within one hour and reached its maximum 
within nine hours following a single injection of the pituitary hormone. In tho absence 
of the adrenal, jjituitaiy adrcnotrojnn exerted no cfTect uj)on the circulating lympho- 
cytes. Injections of watery extracts of the adrenal, corticosterone and ll-dehydro-17- 
hydroxy-corticosterone decreased the lymjjhocytes of the blood in normal and adrenal- 
ectomized animals. Desoxj’^corticosterone acetate had no such effect. A wide variety of 
physical and chemical stresses jjroduced lymphopenia in normal rats and mice, but 
failed to do so in adrenalectomized or hypophysectomized animals. 4) Circxdating 
polymorphonuclear leucocytes: .No specific influence upon the polj’-morphonuclear ele- 
ments of the blood could be observed following the administration of pituitary adreno- 
tropic hormone or steroid hormones of the adrenal cortex. Likewise, hypophysectomy 
and adrenalectomy were without definitive action. 5) Circidaling erythrocytes: Both 
adrenotropin and adrenal cortical hormones caused an increase in hemoglobin and the 
number of circulating red cells. Conversely, adrenalectomy tended to decrease them. 

6) Histologic changes in lymphoid tissue: A single injection of adrenotropin or adrenal 
cortical hormones was followed by dissolution of lymphocytes, reaching its acme within 
from one to six hours. Concomitantly, there was an increase in the amount and alteration 
in the structure of the histiocytes. Following the initial dissolution of lymplmcytes, 
cellular debris was removed by macrophages. Within six to nine hours most of the nu- 
clear fragments had been phagocytized, lymphocytic dissolution had ceased, edema had 



June, 194 s 


ADRENALS 


495 


subsided, and a normal lymphoid structure began to reappear. Within 24 hours there 
was relatively complete recovery in all lymphoid structures except the thj-mus. In 
adrenalectomized animals, neither adrenotropin nor desoxycorticosterone acetate (doses 
ranging from 0.025 mg. to 2.5 mg.) was capable of eliciting the above responses, but the 
other adrenal cortical preparations mentioned above were equally active in normal and 
adrenalectomized subjects. Nonspecific stress stimuli produced changes in the lymphoid 
tissues of the intact animal, but were without effect in those that had been adrenalecto- 
mized. 7) The release of blood glohidin and antibody from lymphocytes: Adrenotropin and 
adrenal cortical hormones produced a statistically significant increase in the level of total 
serum proteins in intact animals. The latter were equally effective in the adrenalecto- 
mized animal, but the former failed completel 3 ' to influence the decrease in the protein 
of the blood that ordinarily follows adrenalectomj-. The increase in protein appeared 
almost whollj' in the beta and gamma globulin fractions thus suggesting the relationship 
of the phenomenon to factors concerned in antibodj- formation. When the same hor- 
. mones were used under equivalent conditions in immunized animals, an increase in the 
production of antibodies was routinelj' obser\,-ed. These alterations in serum protein and 
in antibodj' production were alwaj’S maximal when lymphopenia was highest and Ij-m- 
phocj'tic dissolution greatest. Extension of these experiments made it clear that the 
anamnestic response is probablj’ mediated through pituitarj- stimulation resulting in a 
release of antibodies from the Ij'mphocj-tes. The authors conclude that “the role of the 
adrenal cortex in controlling the rate of release of Ij-mphccj-te constituents correlates 
the functions of the adrenal and of the Ij'mphocj’te in resistance. The participation of 
the adrenal cortex is dependent upon its stimulation by pituitarj- adrenotropic hor- 
mone.” — T. H. McG. 

Maycock, R. L., and Rose E.; Insensitmty to epinephrine in a patient 
with a functioning tumor of the adrenal medulla, Am. J. M. Sc. 213: 
324, 1947. 

The case historj' is reported of a 42-j'ear-old male who experienced one to 16 attacks 
daily'for two and one-half j-ears before admission for paroxj'smal hj'pertension and 
. associated symptoms. The phj-sical examination was essentiallj- normal, and the blood 
pressure was 130/80 mm. of mercurj’ when the patient was free from attacks. Attacks 
were often brought on bj- phj-sical exercise or changes in position. Detailed clinical de- 
scription of the attacks is given. A tumor weighing 42.S Gm. and containing 76.5 mg. of 
free epinephrine was successfullj' removed from the region of the right adrenal. Histo- 
logicallj' the morphologj' was consistent with the usual pheochromocj-toma or adrenal 
paraganglioma. Prior to operation, studies were made to discover what stimuli were 
effective in producing an attack. Typical paroxj'sms were induced bj- exercise and pos- 
tural changes, such as having the patient bend and twist his waist or press his knees into 
his abdomen, and bj- the subcutaneous injection of 10 mg. of acetj-l-beta-methj-1 choline. 
Emotion, manual massage of the adrenal area, injections of sterile water, and inhalation 
of a perle of amyl nitrite were ineffectual in producing an attack. The most striking 
demonstration was the insensitudty of the patient to epinephrine; 2.5 cc. of a potent 
1 :1000 solution were needed to produce a blood pressure rise to 220/114 and the sj'mp- 
toms that usually occurred with a mild attack. After the tumor had been removed, in- 
jection of 0.25 cc. of 1 ilOOO epinephrine solution subcutaneously induced a rise in blood 
pressure to 172/9S with all of the previous sj'mptoms of a typical attack. This time, 
however, he complained of nervousness which he had not experienced before even 
during his worst episodes. Twenty-three minutes after the onset of a severe attack, the 



soruiu potuf^siurn level w.-is <lepresK<'(l t(» 2.0 in, Krp/KK) ee. (iiorinni nnitio 2..S tn 4.2); 
when no attaek was pn-sent, (he level W!i< elevateil to .2.0 m, l-hp.MOt} re.; at oparntion 
(he potaNsium eontent of th(‘ rectus muscle was foumi (o he 172.0 in. J'hj./Kir, of wot 
mu.scle (normal .S2 m. Kq./Ku:.). Durinji: an attack 0.4.2 mu:, of conjiigafed opinophrinc 
was I'xcretetl per HH) cc. of urine, 'riie amount of choline e.-.tf>ra>e in (he hhiod wa.s 
normal (iuriiiju' (he interval hetwcen attacks. .Additional data are utiven, inchidiiiK the 
value.s for other chi'mic.al constituents of the hiooil. ami (lie elect rocardio^'rani.s and 
hallistocurdiojirams before, duriiu;. and after attacks. 'I'he anthor.< conclude that the 
patient was hyposiuisitive to epinephrine action while (he medullary tumor wa.s present 
and was imrmully .sensitive (»» tliis drni: when the tumor had heen e.vtirpated. I’liny .sng- 
t;es'ted (hat the demonstration of siieh insensitivity may serve as a useful and harmless 
ti'st for (lie diaf,oiosis of sui'h tumors. EJ'.I}.. .It. 


Selyk, I''u.\X(;es L. : Hidehcmienl ehaoj^cs in liyportcnsion, Canad. M.A.J- 
57:325,19.17. 


In this st\nly an attenijO is made to liml criteria for an adrenocortical efiolo^'v in cer- 
tain cases of "essential" hypertension. On (he basis of anim.ai o.xperiments of JI, >Sc!ye, 
and of clinical studies in Cnshiny’s syndrome (Kepler), a lunh Na/(11 ratio in (he serum 
is ennsiderod su^iuostivc of hyperscen'tion <tf ‘■mincrahecorticoids." Several of those 
patients also had hi^h ’’ylycocortieoid" with low }7-k(‘tosteroid e.xcretion. Ammonium 
chloride therap}* was j^iveu undiw ade<iuately controlled eonditioiis, includinfj; control 
periods of ])laceho medication. 'I'liis therapy was su,m:csted In' the fact that in animal 
experiments vascular changes from desoxycorticosterone phis salt administration failed 
to occur when ammonium chloride was niven simuUaiieoiisly. Tlio results of this therapy 
were encouraj'iip;. — K.E.l\ 

GONADS 

Guterman, H. S.: Itiflucncc of arginine on oligo.spcrmia, Proc. Soc. Exp. 
Biol. tO Med. 65: 170-178? 1947. 

Ob.servations were made on 22 iintienls with olis^osperiuia. Eighteen received from 
LS Gm. to 2.7 Gm. of arginine and minima! amounts of lysine, pyrido.xine and trypto- 
jjlianc in tablet form daily for eight iiumths and five patients received no spccilic therapy. 
All of the men had liistorie.s of adequate jirotcin intake. No improvement in semen 
quality wliich could lie attributed to treatment was produced and it was concluded that 
amino acid therap 3 ' for oligosjicrmia siiouUl be reserved for patients who exhibit or give 
the histoiy of inadequate protein intake. — F..V,A. 

Hartman, C. G., and Corner, G. W.: Rcinovnl of the corpus liiteimi and 
of the ovaries of the Rhesus moukey tluring pregnancy: observations 
and cautions, /Uiot. Rec. 98:539, 1947. 

In a series of experiments on the ph 3 'siolog 3 ' of reproduction in the monke}' it was 
found that the corpus lutcum is not essential to the continuation of pregnanc 3 ' after the 
twont 3 ’’-fifth da 3 n Complete surgical removal of tlie ovaries in the mouke 3 ' is attended 
with great difficult}’- and the authors hold that in primates, total removal must be proven 
by the subsequent absence of cyclic phenomena, b}*^ microscopic evidence that the ex- 
cised ovaries were remoimd intact and by a thorough search for residual ovarian tissue.— 
B.L.B. 
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Kimmel, G. C. and Wing, R.: Sexual precocity and accelerated growth in 
a child wdth a follicular cyst of the ovary, J. Fed. 30 : 686, 1947 . 

The authors report the case historj' of a 25 -month-old girl who showed all the changes 
observed in granulosa-cell tumor of the ovarj% including a greatly increased urinarj* 
estrogen level. At operation, the right ovary was found to consist chiefly of a C3'st 4 bj" 
3 cm. in diameter which had destro3’ed most of the ovarian tissue. Careful examination 
of the c3-st revealed no granulosa-cell tumor and it was classified as a follicular c3'st of 
the ovar3’. The pathologist suggested that sufBcient estrogen to cause the changes noted 
in this patient might have been produced b3" the granulosa cells wliich lined the C3*st. 
During the following four 3'ears there has been no recurrence of vaginal bleeding; the 
breasts, the nipples and the labia have regressed to their normal size; and the estrogen 
content of the urine has returned to and remained at a normal level. The patient has 
remained above average height and weight during these subsequent 3'ears. No abnormal 
values for urinar}’’ ketosteroid excretion were found at an3' time. — E.C.R., J r. 

Leonard, S'. L.; Pearlman, P. L., and. Ktjrzrock, R.: Relation between 
time of fertilization and follicle cell dispersal in rat ova, Proc. Soc. Exp. 
Biol. & Med. 66 ; 517-518, 1947. " 

Following the discover3' that the enz3'me h3'aluronidase from sperm disperses the 
follicle cells of recent^' ovulated mammalian ova, a concept has arisen that the action 
of h3'aluronidase facilitates fertilization 63- denuding the ova prior to or simultaneous^' 
with sperm entr3'. The obsen’ations reported in this paper indicate no mass removal of 
the follicle cells prior to fertilization and that sperm penetration precedes the gross de- 
nudation of the ovum in the rat. Female rats were bred and the ova examined micro- 
Scopicalb' 12 to 26 hours later. In another experiment 0.2 cc. of h3'aluronidase from bull 
or rat testes, in concentrations of 30 to 60 turbidit3' reducing units per cc., was intro- 
duced into each horn of the uterus of a rat in heat and the horns ligated near the cerrtx 
to prevent leakage. It was found that fertilization of the rat ovum occurred before mass 
displacement of the surrounding follicle cells; denudation of the ova occurred subse- 
quentb'. H3'aluronidase introduced into the uterus did not pass into the tubes and de- 
nude the ova and it appeared that onh' the enz3'me associated with the sperm which 
reach the oviduct, disperses the follicle cells. — F.N..A. 

Reifenstein, E. C., Jr., and Albright, F. : The metabolic effects of steroid 
hormones in osteoporosis, J. Clin. Invesligaiion 26: 24^56, 1947. 

The authors define osteoporosis as “that form of undermineralization of bone in 
which the primar3' defect is a h3'pofunction of the osteoblasts in la3'ing down bone ma- 
trix.” SharpL' distinguished are osteomalacia, where there is a failure in mineralization: 
and h3'perparath3'roidism, where there is an increased destruction of bone. Osteoporosis 
in the sense used occurs in malnutrition (protein), Seh'e’s adaptation s3'ndrome. idio- 
pathic osteoporosis, acromegab", Cushing’s S3'ndrome, disuse atroph3', old age, and, 
commonest of all, the postmenopausal state. Twelve patients wth osteoporosis are de- 
scribed in detail. In eleven the results of therap3' wth estrogens, androgens and pro- 
gesterone are described. These subjects represent the last four categoric.'^ mentioned 
above. Estrogens caused a decrease in calcium and phosphorus excretion in the subjects 
of all four groups. The3' usualh' caused a decreased fecal calcium and phosphonis as 
well. .4 moderate but not well sustained decrease in urinarx' nitrogen and 17-koto=tcroids 
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wn'^ ohsPi-vcrl. i’R’tVctivi' dtoairt's for r>f nidin! !K>tizfi;t(c iidnitiitisciilarly mn^cd from I.flfi 
m^. I'Vfi y Ihri'p liiiy.s «n -'k.’!'-’ mi;, daily; and. for slillmc.-ilrol orally, friim I m^. to I.o mK. 
daily. I he smallc.-'t of thc.-c do-4(«»i was nsually ('rfi'idivc with vi-ry littlo if any incroaso in 
.activity .as increments in ilo,s;i!;(> were made. Xo fin.alit.ative difference eoidd he oli.served 
hetween the natural and I In* synthetic estroi;en. ’I he (dli'cts of tin* hormones f)n calcium 
and |)hosphoitis lialanee were demonstr.ahle hy the .si.vth day, reached their ma.vimtim 
around the thirtieth day. and [X'rsi.sted from f)ne to two months followini; the cessation 
ol Iri'atnient. .Andromms in the form of testosterone projiionate intramuscularly (2.a im;. 
to .all mt;. daily) and methyl testosterone hy moutii (-tO m^. to 100 mi;, daily) decreasofl 
the urinary .and h'c.al (weretion of c.aleium .and phosphorus in fisteoprirosis. These efTccts 
made their a|))iearanee ahout the fifth or sixth day as with the estro!;ens, hut their acme 
oceuriaal sonu'what lat('r, and they disappeanal more slowly after wifhdrawiu}; the drug. 
The ih'cn'.asi' in urinary nitrogen was marketl and prolonj;ed. 'IVstosterone propionate 
and methyl testosterone were e((ually effective. When androgen ami es(rof;en were com- 
hined in the postmenopausal and senile >;roups tin* effect was );reater than that observed 
followim; the mlministration of either alone. Progesterone, intramuscularly, in doses of 
10 mj;.. 2.a m^., and 100 m;;. daily, for as loni; as .’Hi days, was without appreciable efTect 
ui)on the urinary and fecal excretion of calcium, phosphorus or nitrof;en. whether it was 
used alone or in comhination with one of the other hormones. I'ixcej)! in C'ushini;’.s S 3 'n- 
drome, the hmielici.al elTi'cls of estrogens upon the hon\- ilisturhance were more marked 
than those of testosterone. 'I’he authors call jiarticular attention to their regime for the 
management of tlu* postmenojiausal f.vpe of osteoijorosis. fn order to avoirl frouhlc.somc 
bleeding .and to decreasi' the risk of inciting a prccanccrous lesion into full activitj', 
treatment is usually' interrujiled everv four to seven weeks for one to two weeks, and 
often a short course (live days) of ])rogesteronc is emj)h\vcd during this interval. Vaginal 
.smears are used periodical!}' in an effort todeteet an.v neoplastic change early. — T.II. il/’c(7. 

Taylor, R. 1^.; Coitcou.AA', A. C., and Page, I. H.i Menopausal hyperten- 
.sion: A critical .study, A m. J. M. Sc. 213; 475, 1947. 

Since the concept “menopau.sal hj'pcrtonsion” appeared to have been derived merely 
from accumulated impressions rather than from sj'stematic studj', the authors studied 
the incidence of Ipvpcrtension in 200 menopausal women, 170 of whom had been surgi- 
callj' castrated and all of whom desired relief of menopausal symiitoms.The results showed 
that arterial h.yj)crtension is no more common in menojniusal women than in the general 
population. The authors believe that “vasomotor instabilitj’,’’ as exhibited bj' “hot 
flashes,” pcrsjjiration, and tachycardia, is not necessarily associated with hj'pertension 
and its alleviation b}" estrogens need not affect arterial pressure. In general, the meno- 
pause seemed to intensif}'- preexisting psychoncuroscs. Des])ite severe neurotic behavior, 
Ip'pertension did not develop within three or more jmars except in 6 cases. The authors 
conclude that the relationship between the menopause and hypertension is incidental, 
and that loss of ovarian secretion is neither a primary nor a contributory cause of arterial 
hypertension. — E.C.R., Jr. 
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ADRENAL CORTICAL TUMOR ASSOCIATED 
WITH CUSHING’S SYNDROME 

REPORT OF A CASE WITH METABOLIC STUDIES AXD REMARKS 
ON THE PATHOGENESIS OF CUSHING’S SYNDROME 

EDWIN J. KEPLER, M.D.,* RANDALL G. SPRAGLE, IM.D., 

0. THERON CLAGETT, M.D., MARSCHELLE H. 
POYER, Ph.D., HAROLD L. MASON, Ph.D., 

AND H. MILTON ROGERS, I^I.D.** 

From the Dimsions of Medicine and Surgery and the Section on Biochemistry, 

Mayo Clinic, Rochester, Minnesota 

T his case report and the metabolic studies that accompanj' it are pre- 
sented primarily because of their bearing on the pathologic physiology' 
of Cushing’s sjmdrome. The term “Cushing’s sjTidrome” as used herein 
refers only to the clinical picture emphasized bj’’ Cushing. The term “Cush- 
ing’s disease’’ will be used in a broader sense than we used it in prerious 
publications so as to denote all cases of Cushing’s sy'ndrome in which an 
adrenal cortical tumor is not present. 

REPORT OF CASE 

A married woman aged twenty-six years first registered at the Mayo Clinic on Sep- 
tember 3, 1943. There was nothing remarkable in her past medical history. On June 2.3. 
1941, she consulted her physician because she was eight weeks pregnant. At that time 
she weighed 110 poilnds (50 Kg.). The blood pressure expressed in millimeters of mer- 
cury, was 100 systolic and 60 diastolic, and the patient seemed to be a normal pregnant 
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woman. Pregnancy proceeded unevcntfviily until December 22, 194), wlien .slie was de- 
livered of a premature infant wlm died shortly after birth. On February 2l,']942, she 
had one scant menstrual period. No further menstrual bleeding occurred until IMny, 
1942, when she began to have daily spotting of blood. The following month a dilatation 
and curettage was performed. The endometrium was found to be "hyperplastic.” After 
this operation, vaginal bleeding and menses ceased. In January, 1943, she had a renal 



Fio. 1. Patient at time of initial exazninatiou. Note thin arms and legs, sti'iae, 
protuberant abdomen and cervicodorsal hunzp. 

colic on the right side and may have passed a stone. Investigation of the urinat'y tract 
revealed only hydronephrosis on the right. 

About May, 1943, a new train of symptoms began, i^iair began to appear oir her npper 
lip, cheeks, legs and arms. The hair of the scalp began to foil out. Her face began to swell 
and her eyes seemed to protrude. A "bump” appeared on the back of the neck. Her 
friends noted that she "looked fatter” and that her "expression” was different. She be- 
came very nervous and apprehensive. One of the most distressing symptoms was muscu- 
lar weakness, particularly of the legs. Walkiz^zg and climbing stairs became difficult and 
she had to spend much of her time in bed. She also suffered from transitory attacks of 
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numbness of the entire right half of the body. In May, 1943, it was discovered that 
erythrocytosis (7,000,000 erythrocytes per cubic millimeter) was present. Because of 
this she was given medicine to “thin the blood,” and in addition she was "treated with 
hormones.” By August, 1943, she presented most of the symptoms of Cushing’s sjm- 
drome, and she was referred to the Clinic with the suggestion that she might have a 
tumor of the adrenal cortex. 

.At examination, September 3, 1943, the patient’s height was 66f inches (169,5 cm.) 
and her weight was 125 pounds (56.7 Kg.). The patient was pleasant and co-operative 
hut obviously alarmed about her condition. She had thin arms and legs, a protruding 
abdomen and a moderate kyphosis (Fig. 1). The face was full, round and highly colored. 
Hair was present on the upper lip, the cheeks, arms and legs. At the temples, the hair 
line was receding and she seemed to be losing some hair at the crown of the head. Al- 
though the e 3 ’es were slightlj’ prominent, the upper lids drooped. The corners of the 
mouth likewise drooped. Purplish striations were present on the buttocks. There was 
no acne. Large and deeplj" pigmented areolae made the breasts conspicuous. The labia 
majora were slightlj’’ edematous. The clitoris was normal in size. 

On pelvic examination it was suspected that a retro-uterine mass might be present. 
Contrarj’ to the uterine atrophj’ which is often found in cases of Cushing’s sj'ndrome, in 
this case the uterus seemed to be normal in size. Although the circumference of the arms 
and legs was reduced, the panniculus of fat was well preserved. The muscles felt soft 
and flabby. IMuscular weakness was easilj' demonstrated in all four e.vtremities. The e,x- 
tensor groups were weaker than the fle.xors, and the lower extremities seemed to be 
weaker than the upper. Tendon refle.xes were all present. The blood pressure was 204 
systolic and 110 diastolic. In the ocular fundi the arterioles were slightlj’ narrowed and, 
in some, localized spastic constrictions were noted. 

An excretory urogram showed slight caliectasis on the right side. Above the left 
kidnej’’, which seemed to be displaced downward, there was suggestive evidence of a soft- 
tissue mass. These urologic findings suggested, but did not prove, the presence of an 
adrenal tumor on the left. Roentgenograms of the head, thorax and extremities did not 
reveal anj’ abnormalitj’. Evidence of a slight degree of osteoporosis was noted in the 
roentgenograms of the pehds. The results of additional laboratorj’ studies conducted 
at this and subsequent visits are recorded in Table 1 . 

After the initial clinical examinations were concluded, a diagnosis was made of Cush- 
ing’s syndrome associated with tumor of the adrenal cortex. 

In order to permit studj’ of the metabolism of electrolj’tes and the urinarj’ excretion 
of steroids, the patient was admitted to the metabolic unit of the Clinic. The observa- 
tions that were made there are presented elsewhere in this report. 

On October 15, 1943, after completion of the metabolic studies, both adrenal glands 
were explored surgicallj' by way of bilateral posterolumbar incisions. Because the patient 
complained of pain in the right flank, the right adrenal gland was explored first. It ap- 
peared to be normal and was not disturbed. On the left side a large, fairlj' well-encapsu- 
lated adrenal tumor was encountered and enucleated without difificultj". After removal, 
the tumor measured 10 bj- 15 bj’ 8 cm., weighed 410 Gm., was j’ello'wish in color and was 
surrounded bj’ a plexus of veins. The capsule was ruptured at several points. 

In order to prevent the occurrence of acute adrenal insufficiencj' postoperativelj', the 
patient was treated before and immediatelj’ after the operation with desoxj'corticoster- 
one acetate and adrenal cortical extract. Details of the treatment emploj*ed are recorded 
in Table 2. 
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Convalescence ijroceedcd uneventfully, and three weeks after the oj)cration the 
metabolic studies which had been instituted before the operation were continued. Tlic 
patient remained under observation until December 2, lO-Ki. After the operation there 
was a gradual decrease in the blood j)rc.ssure, and prior to her distnissal the daily read- 
ings wore normal, ranging from 120 to 130 systolic and from 00 to 70 diastolic. She wjis 
feeling very well. Her strength was returning. The arms .and legs were beginning to take 
on their normal shape, and it was roughly estimated that the nniscle tissue paljiable in 
the calves had increased 30 to 40 per cent. Vcnipjincttirc no longer iiuhiced ccchymosis. 
Her facial contoiir.s rvere less round. New Inair wa.s appearing in the scalp and tiic excess 
hair on the thighs was disapjiearing. Tlie skin lo.st its .sandp.aper ajjpcarance and te.vturc 
and it appeared to be entirely normal, except for the pur[)Ii.sh striae, which remained 
unchanged. 


TAni.v; 1. LAnou.vrouY Finoings 


1 

j 

j 

September 

1943 

(before 

operation) 

j October- 
i Hovomber 
1943 
(after 
operation) 

Jamiarj", 

194.'>' 

(after recurrence 
of tumor) 

Urine 

j ^ 



Specific gravity 

1.02G 

1 .017 

1 .017 

Reaction 

Alkaline 

Acid 

Alkaline 

Albumin, grade* 

2 

1 

2 

Sugar, grade* 

1 

0 

1 

Microscopic: 




Pyuria, grade* 

1 

3 

1 

Other findings 

Gram-positive 


Occasional 

cocci 


erythrocyte 

Blood 



i 

Hemoglobin, gm.t 

17.8 

12.0 

11.05 

Erythrocytes J 

4,950,000 

1 3,620,000 

3,020,000 

Leukocytes t 

10,200 

‘ 8,000 

11,700 

Comment 

§ 



Urea, mg.f 

23 

23 

38-106 

Sugar, mg.f 

83 


46 

Hematocrit 11 

56.9 

35.7 

Sodium, mEq.lf ! 

146.0 

140.0 

149.0 

Potassium, mEq.U 

4.4 

4.7 

2.2 

Carbon dioxide, mEq.1I 

34.2 

28.4 

39.2 

Chloride, mEq.1[ 

96.0 

104.0 

92.0 

Calcium, mg.** 

9.84 

9.7 


Phosphorus, mg.** l 

1.76 

4.81 


Phosphatase, alkaline, Bodansky 



' 

units** 

4.0 



Protein, Gm.** 

7,0 
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Table L (con(unicd) 


i 

September 

1943 

(before 

operation) 

October- 
1 November 
1943 
j (after 

I operation 

1 

Januar3' 

1945 

(after recurrence 
of tumor) 

Miscellaneous 

• 


1 


Sugar, mg.t • 



Glucose tolerance 

Blood Urine 



Easting 

77 0 1 



5 hour 

112 0 



2 hours 

154 0 



3 houns 

104 ‘ 0 ! 

1 

1 


1 

Blood volume 



1 

Plasma, c.c. 

j 1,971 (37 cc. 




per Kg.) 

1 


Whole blood, c.c. 

4,584 (86 cc. 




per Kg.) 



Gonadotropic hormone (prolan), ' 

Less than 5 



rat units per liter (Frank tech- 




nic) 




Urinar3' 17-ketosteroids, rag. per 

136 

2.7 

110 (60% beta 

24 hours 



fraction) tj 314i|: 

Urinar3' estrogens, rat units per 

9,400 

43 

5,000 + 

24 hours 



1 

Sedimentation rate, mm. in 1 

10 



hour 

1 



Basal metabolic rate, per cent 

0 

+ 15 

i 


, * Graded on the basis of 1 to 4, in which 1 represents the mildest and 4 the most 

severe condition. 

t Per 100 c.c. of blood, 
t Per cubic millimeter of blood. 

§ Increased regeneration, piling of er3'throcytes and 10011003403; suggest pol3'C3-- 
themia vera. 

(I Per cent of ceils. 

^ Per liter of plasma. 

** Per 100 c.c. of serum, 
tt June, 1944. Y 
t$Januar3', 1945. ’ 

Her condition in the next few months can be described best b3' excerpts from her 
letters. On Februar3' 16, 1944 she wrote: “I’m getting along fine. Haven’t felt bad at all. 
I feel much stronger and m3' appetite has come back. Also, m3' hair has grown so that 
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today I was able to I'd a 'pennanerit.’ I went lo .sec rriy fioflor. and ho said I was hc- 
RinniiiK to look like someone ho used to know, Thai, made mo fool Kood.” On .^rar(:h 10, 
19‘i4 s-he s.aid: "I am still fcolinj^ botler, but sinee I last wrole I have had lroul)le with 
my montidy periods. I had a normal j>criod on the tenth of Oooember and one on the 
scvcjith of JiiDiiiiry, but I completely skipped February and, so far. I^farch. My hair is 
much thicker now and I have regained most of my .strength. The above is the only thing 
that is not returning to normality.” On April It), 1,0-14 .she stated: “My periods have not 
recurred and for the past week I have had pains in my back similar to the ones I used to 


T.\MLn 2. Tnn.vT.MmvT JiKKonn Aitkk ]0;.^^ov.\n of 
AnilKKAI. COUTICAI, TuMon 



j Dcsoxj’corti- 

! Cortical 

I Plj 3 'siologic 

Year, 1943 

! co.stcrone 

j extract 

1 saline 


; acetate, mg. 

j (Kendall), c.c. 

j solution, c.c. 

Prcopcr.'itivc 

October 14 

i -0 


1 

) 

15 i 

! JO 

1 50 

1 1,000 

Postoperative 

15 


i 50 

1,000 



i 45 

1,000 

1 

1 


1 30 

1,000 U.R.* 

16 

i 

30 

1,000 


[ 

30 




30 

1,000 


i 

30 

1 


17 


! 10 1 

1,000 



: 10 1 



* ‘‘U.R. solution” contains, in one liter, 2.8 Gm. of sodium chloride, 0.9 Gm. of po- 
tassium chloride and 30 Gm. of glucose. 


have. However, as a whole, I am feeling better.” On May 29, 1944 she wrote: “Every- 
thing seems to be going wrong again, so I am coming back to the clinic for a checkup.” 

When she returned on June 4, 1944, it was immediately apparent that she probably 
had a recurrence of the tumor. The face again was full and round: there was very exten- 
sive acne of the face, chest and back. The hirsutism had returned. The arms and legs 
were again thin, and there were marked cutaneous striations in the vicinity of the hip 
joints. The blood pressure was 140 systolic and IIS diastolic. Various laboratory studies 
were again conducted with essentially the same results as those obtained prior to opera- 
tion. Urinary ex’cretion of the 17-ketosteroids was 110 mg. per 24 hours, of which 60 per 
cent was of the beta t 3 '^pe. Urinary estrogens were not determined. 
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Previous experience with cases of recurring carcinoma of the adrenal cortex had con- 
^^nced us of the futility of roentgen therapy. The patient, however, was desperate and 
wanted something done. Although it seemed unlikeh' that further surgical treatment 
could accomplish anything, it was decided to explore the left adrenal region once more. 
Through a second posterolateral incision the left kidney was brought down, and at the 
upper pole a large mass could be felt. Superficially, the mass seemed well encapsulated, 
but as the operation proceeded, it was found that the recurrent tumor was very exten- 
sive and adherent to the surrounding structures. To remove the tumor it was necessary 
to remove the left kidney. The operation was verj' difficult to perform, and at its comple- 
tion it was felt that all of the tumor had not been removed. The same preoperative and 
postoperative treatment that had been used at the first operation was again emploj'ed, 
and again the patient’s postoperative convalescence proceeded uneventfullj'. From this 
operation the patient received very little benefit, although the urinarj' excretion of 17- 
ketosteroids was found on July 4 and July 10 to be 7.6 and 26.8 mg. respective!}', in 24 
hours. 

Three months later, on September 14, 1944, the patient wrote to the effect that she 
was losing her hair again, had pains and weakness in the legs, “bloated stomach,” no 
signs of a monthly period and a great deal of distress on urination. Roentgen therapy was 
advised and given without any benefit. Her condition became gradually worse, and she 
returned to the Clinic on November 23, 1944. The blood pressure was then 202 systolic 
and 128 diastolic. There was intense acne of the face, chest and back. Her voice was like 
that of an adolescent boy. There was a pronounced fatty dorsal hump. In fact, practically 
all of the initial signs and symptoms of her illness had recurred and had increased in se- 
verity. One of the striking symptoms was extreme muscular weakness, particularly of 
the legs, which were so weak that she had to be assisted in stepping up on an ordinar}- 
hospital scale. 

The change for the worse was also e\'idenced by the results of laborator}' examinations 
listed under date of January, 1945, in Table 1. The ver}' low concentrations of the plasma 
potassium and chlorides and the high values for the plasma sodium and carbon dioxide 
combining power are particularly significant. The daily urinar}' excretion of 17-ketoster- 
oids and estrogenic substances was also greatly increased. Roentgenograms of the chest 
showed a discrete rounded shadow about 1^ inches (3.8 cm.) in diameter, which was 
thought to represent a metastatic lesion. iMarked osteoporosis of the vertebrae was noted 
in the roentgenograms of the spine. Cultures of the urine showed organisms which were 
thought to be Proteus ammoniae. 

The patient failed rapidly. On December 15, 1944, she vomited a large amount of 
blood and passed blood by rectum. There was another massive hemorrhage from the 
gastro-intestinal tract on January 17, 1945. She died the next day. 

Necropsy report. — The following final pathologic diagnoses were made; Cushing’s 
syndrome due to carcinoma of the left adrenal with recurrence after adrenalectomy; ex- 
tension of recurrent adrenal carcinoma to the spleen, pancreas, stomach and diaphragm: • 
metastasis to the regional and aortic lymph nodes, liver and lungs; atrophy of the right 
adrenal gland; basophilic degeneration of the pituitary gland; failure of luteinization of 
graafian follicles; active duodenal ulcer with hemorrhage and nephrolithiasis on the right. 

The following obser\'ations were made: In the left upper part of the peritoneal ca^^ty 
and in the expected position of the left adrenal gland, there was a soft, yellow, partly 
hemorrhagic nodular mass measuring 15 by 13 by S.5 cm. (Fig. 2). This was considered 
to be a recurrence of the adrenal tumor previously removed. There were metastatic 
nodules in the liver, similar in appearance to the main tumor. The largest of these meas- 
ured 4.5 by 3.5 by 3 cm. Metastatic lesions were also present in the upper lobe of the 
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right lung jiiid in hotli Iol)eH of tin; left lung. Those ranged in size from 0..'1 lo 5 cm. in 
diameter. 

The right adrenal gland was atrophic and weighed l.o Gm. (normal weight 0.7 Gm.) 



Fig. 2. Necropsy specimen. Recurrence of left adrenal cortical carcinoma with 
extension to spleen, stomach and tail of pancreas. 







Fig. 3. Atrophic right adrenal gland (above) compared with 
a normal adrenal gland (below). 

(Fig. 3). On inspection, the pituitary, thyroid and parathyroid glands appeared to be 
normal. The pancreas w^as grossly normal but its tail was adherent to the tumor. The 
ovaries appeared to be normal in size and appearance. The uterus measured 4 by 4 by 
2.5 cm. 




Fig. 4. Left adrenal cortical carcinoma showing pleomorphism 
and tumor giant cells (surgical specimen), a. X57. b. X220. 

In the posterior wall of the duodenum, 2.5 cm. from the pylorus, there was an ulcer 
measuring 0.5 cm. in diameter which had eroded a small vessel and produced a fatal gas- 
tro-intestinal hemorrhage. 

The right kidney weighed 280 Gm. In the pelvis there were three stones, measuring 
up to O.S cm. in diameter. The left kidney had been removed surgically. 

The original left adrenal tumor, the recurrent tumor removed surgically, and the 
tumor found at necropsy were similar in appearance. All histologic sections of the left 
adrenal tumor and the recurrent lesioas associated with it revealed an adenocarcinoma 
with cells resembling those of the adrenal cortex (Fig. 4a and b). The arrangement of 
these cells in cords and clusters with intervening blood vessels at times resembled the 
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zona glonicrulosa and zona reticularis. More often, however, tlic cells were grouped in 
solid masses and bore no rosemhlance to nn.v one zone of the adrenal cortc.x. The tumor 
was an adrenal adenocarcinoma graded 2 according to the method of Broders. Small 
areas of necrosis were j)rcsent. 

The individual cells revealed plernorphism. Many tumor giant cells were present. 
Foam cells were present in some areas. The average cell was S to 12 microns in diameter, 
but the diameter of the tumor giant cells ranged up to 40 or 50 microns. TJie nuclei were 
vesicular in many cells and in others, i).vknotic. Their diameter in the average cell 
ranged from 0 to S microns, whereas in the tumor giant cells their diameter ranged up to 


Fig. 5. Section of atrophic right adrenal gland. Entire thickness, 
of the gland is shown (X57). 



20 microns. The cytoplasm was finely granular, at times vacuolated, but for the most 
part, acidophilic. A mitotic figure could be identified in every fourth or fifth high-power 
field. 

Sections of the tumor stained with Ponceau-fuchsin revealed the cytoplasm of many 
cells taking the fuchsin stain. Fuchsinophil granules were present in only a few cells. 
The Masson trichrome stain likewise revealed onlj'- a few cells with granules which took 
the stain. Sections stained with Sudan III revealed moderate variation of the fat content 
within the cells of the tumor. In most areas only small droplets were present within the 
cytoplasm of the tumor cells, but in areas with early necrosis, the droplets were more 
numerous and of larger size. 
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Fig. 6. Section of anterior lobe of pituitarj- body showing absence of granules in 
basophile cells, as well as hyalinization and vacuolization of the basoiihiles (Crooke’s 
changes) (X320). 
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Marked atrophy of ail tlirce cortical iaj'crs of the rij;lit adrciiai iavd occurred; this was 
especially iioticcable in the zona p;ioiucrulosa (Fi>i:. 5), An occasional cell in ti)c cortex 
revealed small fuclisinophil ffranules after staining by the ronccau-fuchsin mctliod. With 
the Sudan III stain a jnuch p;ivntcr content of fat could bo scon in the cortical cells of 
the right adrenal than within the cells of the tumor, 

Tlie metastatic lesions were histologically identical in appearance with the primary 
tumor, but showed larger areas of necrosis and infarction. Invasion of lympli nodes 
W!is common. In the pulmonary veins, tumor throml>i were identified. 

The duodenal ulcer was ty})ical of a benign, iictivc peptic ulcer and inul penetrated 
into the pancreas. In the kidney there was occasional hyalinization of glomeruli. The 
medium-sizeil arteries revealed a mild degree of intimal hyalinization with slight medial 
hypertrophy. Some of the tubvdes had clear vacnolntcd cytoplasm and calcium deposits 
were present in many of the tubules of the cortex. The findings in the kidney were con- 
sistent with the vascular change of benign nephrosclerosis. 

In the anterior lobe of the pituitarj"^ body there were two small chromopliobe adeno- 
mas, the largest of which measured 1 mm. in diameter. The majority of the basophilic 
cells revealed the changes described by Crookc. These consisted of absence of granula- 
tions, vacuolization and homogenous hyalinization of the cytoiilasm (Fig. G). 

In the thyroid, involution was the jiredominant feature. The acini were all lined with 
low cuboidal epithelium and were filled with colloid. The parathyroids were histologically 
normal. The predominant cell was the chief cell, and oxyphil cells were sparse. 

■ Tliere was some jjor.sistont thymic tis.sue which contained munorons large degenerat- 
ing Hassall's corpuscles. The jjancreas was normal in appearance throughout. 

In tlie ovaries tl)ere was a decrease in the expected number of primordial follicles for 
a person of twenty-three years. The graafian follicles showed development of granulosa 
cells, but there was no evidence of lutcinization. Some of the follicles showed fibrosis 
around granulosa cells giving the appearance that corpora albicantia were developing 
without the intermediary phase of lutcinization (Fig. 7a and h). 

The endometrium of the uterus appeared to be in the midproliferative phase. The 
glandular cells were composed of lorv columnar or cuboidal endothelium and contained 
no mucus. No tortuosity of the cuclometria! glands was observed. The endometrium 
.showed no histologic evidence of progestational effect. 

Grossly and microscopically, the brain appeared to be entirely normal. The ])araven- 
tricular hypothalamic nuclei were studied carefully and showed none of the elianges de- 
scribed by Heinbecker in cases of Cushing’s disease. 

PROCEDURE FOR METABOLIC STUDIES 

Metabolic studies were conducted during seven periods, consisting of 
five or six days each. The dietary content of sodium and chloride was kept 
constant throughout the entire study. During the first two periods the po- 
tassium content of the diet was kept at a fairly low level. A further reduc- 
tion in the intake of potassium was made in periods 3 and 4. In period 5 
the intake of potassium was increased to a high level by the administration 
of potassium chloride. The patient was then operated on, and a left adrenal 
cortical tumor was removed. Twenty-four days were allowed for the pa- 
tient to recover from the immediate effects of the operation. At the end 
of this time metabolic studies were resumed. The intake of potassium 
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Pig. 7. Ovars' showing graafian follicle with development of granulosa cells. The fol- 
licle shows beginning fibrosis, resembling formation of corpus albicans, with absence of 
luteinization. a. X90. b. Details of granulosa cells (X350). 


was again reduced to a very low level (periods 6 and 7) so that observa- 
tions could be made and compared to the results obtained prior to the 
removal of the tumor. 

Except for the changes made in the content of electrol^-tes, the diet was 
kept relatively constant' throughout the seven periods. It supphed ap- 
proximately 2,000 calories and contained approximatelj’’ 200 Gm. of carbo- 
hydrate, 70 Gm. of protein and 100 Gm. of fat. The intake of fluid was 
also kept constant at 2,300 c.c. per day. In order to keep the intake of 
sodium and potassium at the desired level, food was cooked without salt 
and sodium chloride or potassium chloride was added. During periods 3 
and 4, when the intake of potassium was greatlj’’ reduced, much of the 
food was cooked in parchment bags. The actual electroljTe content of the 
diet was determined bj’- direct chemical analysis. 

Analj'^ses of the urine and stools were made for sodium, potassium, chlo- 
ride, calcium and nitrogen. Urinary excretions of creatine and creatinine 
were also determined. At fairl 3 " regular intervals, blood was drawn for 
chemical studies. 



* Balances 
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Venous blood for chemical determinations was drawn under oil into a 
tube containing purified heparin. The carbon dioxide content of the plasma 
was determined by the method of Van Slyke and Neill (1) ; pH bj" means 
of the glass electrode method as described by Dill, Daly and Forbes (2); 
urea by the manometric method (3) ; sodium bj" the method of Butler and 
Tutliill (4) ; potassium by Hartzler’s modification of the method of Shohl 
and Bennett (5) ; calcium by precipitation as oxalate from ashed plasma ; 



Fig. S. NivrOgen balance, creatine nitrogen e.Tcretion and bod3' weight before 
and after removal of malignant adrenal cortical tumor. 

inorganic phosphorus by the method of Gomori (6) ; and chloride by a mod- 
ification of the method of Keys (7). 

In urine and in homogenized suspension of feces, chloride was determined 
by a modified Volhard-Harvey titration, and total nitrogen by the Kjeldahl 
method. Sodium, potassium, phosphorus and calcium were determined on 
ashed samples of these materials by the methods preHou-sh' mentioned. 
Creatinine and creatine in urine were determined according to Folin (S), 
the latter by the open flask procedure. 
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RESULT.S OF METABOLIC STUDIES ■ 

Results of the observations made are recorded in Tables 3, 4, 5, 6 and 7 
and in Figures 8, 9 and 10. 

Nitrogen . — Although the caloric value of the diet was adequate, the 
nitrogen balance was negative throughout the first four periods, during 
which the intake of potassium was at a low level (Table 3 and Fig. 8). The 
extent of the negative nit.rogen balance tended to decrease as the low in- 
take of potassium was continued. Wheji the intake of potassium was in- 
creased sharply (period 5) a decrease in the urinarj’^ excretion of nitrogen 
followed and the nitrogen balance became positive. After the operation 
(periods 6 and 7) strongly positive nitrogen balances occurred under the 
same conditions which, prior to operation, were associated with a negative 
nitrogen balance. 

Sodium, potassiwn and chloride . — During all of the first four periods, 
with the exception of period 2, the patient tended to retain sodium and 
chloride in approximately equivalent amounts even though the iiitake of 
these ions was not at a particularly high level. When the intake of potas- 
sium was increased in period 5 bj'’ the administration of potassium chlo- 
ride, the urinarj^ excretion of sodium increased, whereas the excretion of 
chloride decreased in spite of the administration of large amounts of chlo- 
ride ion. In other words, on a low intake of potassium the sodium and 
chloride balance was, for the most part, positive; whereas after the ad- 
ministration of potassium chloride, sodium was lost from the bod 3 '^ but 
chloride ion was retained. 

The potassium balance remained negative during the first three periods 
and then became slightly positive. After the administration of potassium 
chloride, the potassium balance became strongl}’^ positive. After removal 
of the tumor, retention of sodium, potassium and chloride occurred. In 
general, it may be said that prior to the removal of the tumor a low intake 
of potassium was accompanied by a negative nitrogen and potassium bal- 
ance and a retention of sodium. The chloride balance paralleled the sodium 
balance. When potassium chloride was administered, the body retained 
potassium and chloride but lost sodium. 

The total balances of chloride, sodium, potassium and nitrogen before 
and after removal of the tumor are summarized in Figure 9. 

Calcium and phosphorus . — In most respects, the balance of calcium and 
phosphorus paralleled the balance of nitrogen and potassium. 

Data on intake and balance of sodium, potassium, chloride, calcium, 
phosphorus and nitrogen are given in Table 3. The balances of these sub- 
stances before and after removal of the tumor are summarized in Table 4. 
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Total Balances 



Fig. 9. Total balances of chloride, sodium, potassium and nitrogen before and after 
removal of malignant adrenal cortical tumor. The values represented by each column 
are the total balance of the substance in question for the number of da}’s specified above 
or below the column. 


T.4BLE 4. SuMM.iRT OF B.tL.tXCES IN A C.tSE OF CuSHIXG’s StnDROME BeFORE AND 
After Removal of Malign-ott AnREN.tL Cortical Tumor 


Period 

Condition 

Average dailj^ balance 

mEq. 

Gm. 

Na 

K 

Cl 

Ca 

P 

N 

1-4 

Low preoperative 
intake of K 

1 

-i- 4.4 

- 4.1 1 

+ 4.2 

-0.08 1 

-0.16 

— 1 .55 

5 1 

High preoperative 
intake of K 

- 9.7 

+32. S 

+20.9 

I 1 

j +0.34 

! 1 

j +0.36 

+ 1.3 

6-7 

Low postoperative 
intake of K 

i 

! +42.3 

j 

+16.6 

! ! 

+39.5 -0.06 1 +0.16 

+4.5 
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Creahnc, and creatinine . — The excretion of creatinine remained at a 
rather constant level l.hronghout the cnijrc seven periods. 

Creatine was present in the urine during the entire preoperative portion 
of the stud3n As the studj^ coiitiniied, it decreased in amount. Postopera- 
tivety, it practically disappeared from the urine (Table 5 and Fig.'S). 

Urinary pH and volume . — Throughout the first five periods fhe pH of the 
urine remained almost fixed at approximately 7.0 (Table 6). On four occa- 
sions it dropped to 6.5. After the administration of potassium chloride the 
urinary pH increased lo 7.5 for the first two days, then fell back to its 
irsiial level, 7.0. After removal of the tumor, the highest value recorded 


Table 6. Avebage Daily Urikauy Excbetiok of Cbeatikin’e and Creatine Before 
AND Aiter Removal of Malignant Adrenal Cortic.vl Tumor 


Period 

Year 1943 

Days 

Preformed 
creatinine nitro- 
gen, mg. 

Creatine nitro- 
gen, mg. 

1 

Sept. 15-20 j 6 1 205 

1 25S 

2 

21-20 

G 

302 

200 

3 

Sept. 27-Oct. 2 

6 

272 

147 

4 

Oct. 3- 7 

5 1 

290 

145 

5 

8- 12 

5 

252 

120 

Oct. 15 Operation 

6 

Nov. 8-13 

6 

269 

15 

7 

14-19 1 

6 

261 

30 


was 5.5 and during most of periods 6 and 7 the pH was reduced to 4.5 and 
remained relatively fixed at about that level. 

Prior to operation, the daily urinary output varied from 1,275 c.c. to 
2,250, averaging 1,700 c.c. After operation the average daily output was 
980 c.c. ; the range was from 400 to 1,600. Since the daily intake of fluid was 
kept at a constant level, the decreased output of urine which occurred 
postoperatively was indicative of retention of water. The administration of 
potassium chloride did not change the urinary output to any appreciable 
extent. 

Plasma electrolytes . — The behavior of the plasma electrolytes is shown 
in Table 7 and Figure 10. It is apparent that during the periods in which 
the intake of potassium was kept at a low level, the concentration of the 
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Table 6. Data on tub Volume and pH of the Urine 






Period 






Preoperative 

! 

Postoperative 


1 1 

2 1 

3 1 

1 

4 i 

5 

6 ; 

7 

Volume 

Range, c.c. 

B 


1370- 

1875 

1 > 

j 1275- 1 

I 1690 I 


m 

fl 

Mean, c.c. 

1 1712 

1 

1911 

1555 

1.526 i 

1619 

1049 

867 

pH 

Range 

G .5- 
7.0 

1 

6 .5- 
7.0 

1 

6.5- 

7.5 

1 

1 

1 6.5- 

i 7.0 i 

7.0- 

7.5 

4 ..5- 1 
j 5.0 ' 

4.5- 

5.5 

Mean 

6.8 

1 6.7 

1 6.9 

1 6-9 : 

7.2 

4.6 i 

4.7 


Table 7. Data on Plasma Electbolytes 


Period 

Year, 1943 

Days 

inEq. per liter 

Mg. per 
100 e.c. 

pH 

Na 

K I Cl 

CO 2 1 Ca ; P 

1 

September 15-20 

6 j 133.9 
j 136.0 

, 

4.4 j 94.5 

5.2 ; 96.7 

i 

32.0 

.33.0 

9.8 i 1.8 

1 

' 


2 

1 > 1 

September 21-26 j 6 j 140.4 J 4.3 i 99.3 

32.5 ’ 10.1 3.0 


3 

September 27- 
October 2 

! 1 ! 

6 ! 142.6 ; 4,2 ! 94.5 

34.7 ' j 


4 

October .3-7 i 5 : 140.0 j 3.9 i 94.8 .34.2 ^ 13.9 1 2.9 ' 7.42 

1 \ { ' ' 

5 

October 8-12 


1.38.3 1 5.7 ! 97.9 

! ! 

29.0 : 11.3 1 3.1 , 7.42 

1 7.. 36 
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plasma potassium decreased progressively and was, for the most part, ac- 
companied by an increase in the concentration of the plasma sodium. Simul- 
taneously there occurred a .slight rise in the carbon dioxide content of the 
blood plasma and possibly a sliglit decline in ihe level of the chloride. 
These tendencies were corrected by the administration of potassium chlo- 
ride. In addition, when the intake of jDotassium was increased the pH of 
the blood decrea.sed. These data taken alone are perhaps not of much sig- 


Plasma Electrolytes 



§ 


Fig. 10. Values for the plasma electrolytes aud pH of whole blood during the sev- 
eral periods of study and after final recurrence of malignant adrenal cortical tumor. 


nificance; but when they are compared with those we had obtained in 
previous studies on other patients (9, 10) and with those on the chemical 
status of the blood when the patient was again examined in January, 1945, 
their importance increases. It will be noticed that at the time the patient 
was studied in January, 1945, when the tumor had recurred, the h 3 ^pokale- 
mic hypochloremic alkalosis was thoroughly established and was accom- 
panied by high values for the plasma sodium. 

Urinary steroids. — Preoperath'^e determinations of the urinary 17-ketos- 
teroids gave values of 136, -125 and 132 mg. in 24 hours of which 71.5 
per cent were 3 (/S) -hydroxy-1 7-ketosteroids. On the fourth day after oper- 
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ation these values fell abruptly to 2.4 mg. This level of e.xcretioii was 
maintained, with some fluctuations, until the patient was dismissed ap- 
proximately six weeks later. Four months after dismissal, the quantity of 
17-ketosteroids excreted was 50 mg. in 24 hours and in another two months 
it had increased to 107 mg. of which 60 per cent were 3(/3)-hych'ox5'-17- 
ketosteroids. Immediately after the second operation the amount of 17- 
ketosteroids excreted was 7.6 mg. but in six da 5 "S it had increased to 26.8 
mg. Six months later it was 314 mg. in 24 hours. 

One preoperative bio-assa}' for estrogen gave a value of 9,400 rat units 
in 24 hours. The values for the first seven da 3 \s after operation were 
1,700, 1,000, 100, 170, 120, SO and 43 rat units respective!}". A month later 
two normal values of 30 rat units were obtained. Six months after the sec- 
ond operation the quantity of estrogen excreted was 5,000 rat units in 24 
hours. 

The procedures for the isolation of the steroids from the urine in this 
case and the substances isolated have been described elsewhere (11) (case 
5). The neutral fraction obtained from 43 liters of urine collected during a 
period of twenty-six days prior to operation weighed 9.3 Gm. Fractiona- 
tion resulted in the isolation of 2,190 mg. of dehydroisoandi-osterone, 192 
mg. of etiocholan-3(a)-ol-17-one, 49 mg. of androsterone, 11 mg. of andro- 
stane-3(a), ll(^)-diol-17-one, 107 mg. of pregnane-3 (a), 20(a)-diol, 55 mg. 
of A®-androstene-3(0), 17(a:)-diol, 10 mg. of A°-androstene-3((3),16(j3),17(Q:)- 
triol and 20 mg. of a substance with the empirical formula CigHsjOa. 

The phenolic fraction contained 88,800 rat units of estrogen which was 
the equivalent of 177 mg. of estrone by the procedure used. Fractionation 
and isolation gave 62 mg. of estrone which represented 35 per cent of the 
total estrogenic acti^dty. Estradiol and estriol could not be isolated. 

COMMENT ON PATHOLOGIC ANATOAIY. 

Among the anatomic abnormahties noted at necropsy, the following 
perhaps are the most significant; 1) atrophy of the contralateral adrenal 
cortex, 2) Crooke’s changes in the basophilic cells of the pituitarj" body, 
3) chromophobe adenomas of the pituitar}" body, nephrolithiasis, nephro- 
sclerosis, the absence of changes in the hjqiothalamus, and the failure of the 
graafian follicles to luteinize. 

Contralateral adrenal cortical atrophy — Removal of benign or mahgnant 
functioning neoplasms of many of the endocrine glands is frequently fol- 
lowed by easily recognized sjTnptoms suggesting reversible atroph}" 
(disuse?) of the residual nontumorous endocrine tissue from which the 
neoplasm arose. The disastrous postoperative consequences of this atrophy 
in the case of adrenal cortical tumors have been repeatedly emphasized. 
Cahill (12) has expressed the opinion that acute postoperative adrenal 
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cortical insufficiency of severe degree is particularly likel}'- to occur in cases 
of Cushing’s syndrome, in contrast to iis relatively infrequent occurrence 
in cases of adrenogenital syndrome. In our experience this generality seems 
to be true, although wo still think it is adAUsable to treat preoperatively 
all patients having adrenal cortical tumor on the assumption that acute 
adrenal insufficiencj'^ may occur postoperativel 3 ^ 

“Crooke’s changes” in the pitnitary body . — Hyalinization of the basophilic 
cells of the pitiiitaiy body occurs regularl}’- in cases of Cushing’s sjmdrome 
and rarely in anj’’ other condition (13). This association holds true regard- 
less of the presence or absence of recognizable adrenal cortical lesions. 
Crooke concluded that these changes were the anatomic accompaniment 
of a functional disturbance in the basophilic cells and that this disturb- 
ance was of fundamental significance in the etiology and pathogenesis of 
Cushing’s syndrome. In a previous article (14) one of us (E. J. K.) pre- 
sented a critical analj^sis of the significance of Crooke’s phenomena and 
suggested that the changes in the basophilic cells were retrograde and per- 
haps degenerative in character. At this time we are merel}’- calling attention 
to the difficulties in applying Crooke’s concept to the case we ha\"e re- 
ported. In this case, if Crooke’s contention and its implications are ac- 
cepted, one almost has to conclude that an agent continual^ secreted b}" 
the hyalinized basophilic cells stimulated one adrenal cortex so intensely 
that neoplastic changes occurred, and simultaneously either caused or 
failed to prevent atrophic changes in the contralateral gland. One might 
explain the atrophy of the contralateral gland by assuming that the tumor 
grew because of the stimulus of pituitaiy adrenotropin, then became ca- 
pable of hyperfunction independent of any tropic influence by the pituitary 
and finally inhibited the production of adrenotropin. On the other hand, 
rather than postulate excessive production of a pituitaiy tropic principle 
which was directly or indirectly responsible for the adrenal neoplasm and 
then try to reconcile the contralateral adrenal cortical atrophy with the 
postulate, it seems to us more reasonable to assume that the adrenal neo- 
plasm grew and functioned sui generis, and in so doing caused the contra- 
lateral atrophy either directly or indirectl}'- by inhibiting the production of 
pituitary adrenotropic material. 

Associated chromophobe adenoma of the pituitary body . — Adventitious 
adenomas have been observed repeatedly in almost all of the endocrine 
organs, and the two tiny chromophobe adenomas that were found in our 
case possibly can be regarded as examples. On the other hand, it has been 
shown repeatedly in animals that the continuous administration of estro- 
gens is followed by the appearance of adenomatous proliferation of chromo- 
phobe cells of the anterior lobe of the pituitary body (15, 16, 17). These 
changes occur in a species, namely, mice and rats, in which spontaneously 
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occurring li^'pophj^seal tumors rarely are encountered. These obsers^ations, 
when taken in conjunction with the high urinary estrogenic content ob- 
served in our patient, make one suspect that the two chromophobe adeno- 
mas were not incidental but may have occurred as the result of the patho- 
logic production of large amounts of estrogenic material by the adrenal 
tumor. 

Nephrosclerosis ai^d 7iephroli(Mas{s. — Renal calcuU and renal colic are 
relativelj^ frequent comphcations of Cushing’s sjmdrome. This association 
is probably intimately related to the negative calcium balance and the 
consequential osteoporosis which is often an integral part of the sjmdrome. 
Albright (IS) has pointed out that the negative calcium balance is in turn 
a manifestation of a negative nitrogen balance. According to him, negative 
nitrogen balance results in a loss of the protein matrix of bone, and this in 
turn is associated with a negative calcium balance, osteoporosis, calciuria 
and, in some instances, renal calculi and calcinosis. 

Hjq)ertension, one of the cardinal symptoms of Cushing’s sjmdrome, 
might be followed bj' nephrosclerosis; converseljq nephrosclerosis conceiv- 
ablj”- might induce hjqDertension. (Seljm (19) has produced severe experi- 
mental nephrosclerosis bj-- the administration of desoxjmorticosterone 
acetate.) Either of the two possible interpretations mentioned above might 
be apphcable in our case. 

Absence ofifollicular hiteinization. — The histologic appearance of the en- 
dometrium was in keeping with, and reflected the histopathologic charac- 
teristics of the ovaries. The complexitj'^ of the endocrine disturbance pres- 
ent makes interpretation of the ovarian pathologic process practicallj’’ im- 
possible. Among the factors which would have to be considered are the 
simultaneous overproduction of both androgenic and estrogenic sub- 
stances bj’- the neoplasm and their retrograde effect on the pituitaiy bodj”- 
and its production of gonadotropic substances. 

Hypothalamic lesions. — Degeneration of the hjq)othalamic nuclei and 
pathwaj’^s has been noted in cases of Cushing’s sjmdrome not associated 
with adrenal cortical tumor, and the possibihtj’' has been suggested that 
these degenerative lesions have etiologic importance (20). Our observations 
throw no hght on this question. 

COAIMENT ON jMETABOLIC STUDIES 

Since we are deahng in this report with onlj’’ one case, the scope of our 
discussion concerning the alterations of metabolism in cases of Cushing’s 
sjmdi'ome must be restricted. Certain features seem worlhj^ of comment. 

I^itrogen. — Prior to operation, the patient had a negative nitrogen bal- 
ance, which was not great but which was, neverthele.ss, definite. Loss of 
nitrogen tended to decrease during the latter periods before operation. 
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This fact, in coiijnnclion with Albright’s (IS) observations on the nitrogen 
balance in Cushing’s syndrome, make one susi^cct that loss of tissue may 
occur intermittently,^ or may first progress t o a maximum, then decrease 
and finally cease entirely. Clinically, evidence indicative of loss of nitrogen- 
containing tissues is impressive in nearly all patients having Cushing’s 
syndrome. After removal of the adrenal tumor there was a vciy st-rongly 
positive nitrogen balance. This dramatic postoperative retention of nitro- 
gen is perhaps a better index of the antecedent loss of tissue than the pre- 
operative balances indicate. 

Administration of pot assium chloride preoperatively was associated with 
a positive nitrogen balance. Usually loss of protein from the body is associ- 
ated with loss of potassium; and conversely, .synthesis of protein by the 
body is accompanied b}’’ retention of potassium. Is intracellular retention 
of potassium necessarily accompanied by retention of nitrogen? Can syn- 
thesis of protein take place in the body despite inadequate intake of potas- 
sium? Is the intake of potassium or the forced loss of potassium such as 
might occur in Cushing’s syndrome or possibly in other disorders, ever a 
critical factor in the anabolism or catabolism of protein? We think these 
questions are worth consideration. 

Our data throw no light on the interesting possibility postulated by 
Albright (IS) that the adrenal steroids influencing carbohydrate and pro- 
tein metabolism are antianabolic rather than catabolic in their action. 

Creatine .' — Creatine was found in the urine during the five preoperative 
periods. After removal of the adrenal tumor it practically disappeared. 
Creatinuria commonly occurs in association Avith wasting of muscle. In this 
case it can be regarded either as a manifestation of muscular wastage or as 
a specific effect of some substance produced by the adrenal tumor, or both. 
The decreased excretion of creatine in periods 3, 4 and 5 as compared with 
periods 1 and 2 is probably explainable on the basis of a decreased intake 
of creatine due to removal of this substance by dialysis during the cooking 
of meat in parchment bags for the very low potassium diet which was em- 
ployed in periods 3, 4 and 5. 

Sodium and 'potassium balances . — In general, sodium and chloride were 
retained preoperatively, whereas potassium was lost from the bod 3 ^ These 
are the phenomena that one might expect to occur if the adrenal cortical 
tumor was the source of excessive amounts of substances having properties 
resembling those of desoxycorticosterone acetate. They are also in keeping 


1 Fluctuations in intensity of the symptoms have occurred in several of our cases of 
Cushing's syndrome. In one, a complete remission occurred without treatment and 
lasted for about three months. The case reported by Josephson (21) is of particular in- 
terest in this respect. A comparable case.has been observed by Albright (22). 
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\vith the tendency to become edematous, which these patients frequently 
exhibit. 

Administration of potassium was followed by increased excretion of so- 
dium and retention of potassium. Retention of potassium, however, ex- 
ceeded loss of sodium. After operation, retention of sodium, chloride and 
potassium occurred. The retention of sodium and chloride was at first sur- 
prising and apparentl}' not in keeping with preoperative trends. However, 
comparable retention of sodium and chloride has been observ^ed in other 
conditions when negative nitrogen balances are suddenly corrected and 
rapid sjmthesis of protein presumably occurs. For example, emaciated dia- 
betics, Anctims of starvation and patients ha^fing anorexia nervosa fre- 
quently become edematous following institution of appropriate therapy. 
These are other examples of the intimate relationship between the metabo- 
lism of nitrogen and electrol3'tes. 

Total meiabolisjn . — In spite of marked retention of sodium, chloride, 
potassium, w'ater and nitrogen the patient did not gain an^’’ significant 
amoxmt of weight postoperat•ivelJ^ By the usual methods of calculation 
she should have gained about 5 Kg. We have given a great deal of thought 
to this paradox and offer this tentative suggestion. Patients ha-vdng Cush- 
ing’s syndrome become fat w'hile they lose muscle. The net result is usually 
gain in weight, although loss of w'eight maj’ occur. In either event, changes 
in w'eight throw little light on w'hat is taking place ph3'siologicaIl5\ If the 
pathologic physiologj'- is corrected, gain in muscle and loss of fat should 
occur simultaneously. Here again, the scales maj^ be misleading for if the 
two tendencies are approximatelj' equal, w^eight would remain unchanged, 
although the appearance of the patient would change materiaUj'. On the 
other hand, if the weight of the fat lost was greater than the weight of the 
muscle gained, the net result would be a decrease in bodj’^ weight. Chnicallj^ 
this latter phenomenon has been observed repeatedlj’" after removal of 
adrenal cortical tumors. A comparable phenomenon frequentlj^ occurs 
during adolescence. The child eats ravenousljq gains in height, loses its 
childish contours, becomes gangH”^ and gains little weight, much to the 
concern of the apprehensive parent. Unfortunatel}^ we did not make serial 
determinations of the basal metabolic rate or determine insensible loss of 
water. Postoperatively, there w'as a significant increase in the basal meta- 
bolic rate, from 0 to 15 per cent, and a decrease in the respiratory quotient, 
from 0.83 to 0.74. Both of these observations are in keeping with the ex- 
planation we have suggested. 

Urinary pH . — We have been impressed bj' the frequency’’ with which 
patients ha%dng Cushing’s sjmdrome excrete urine that is alkaline to litmus 
and also bj’- the frequencj^ with which infections of the urinarj^ tract occur. 
The relativelj’- high pH of the urine prior to operation and the sharp de- 
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crease in the pH whieli occurred posioperai.ivcl.y raight well be I’cficctioiis 
of the disordered meiabolism of sodium .and poiassitim and the tendency 
for alkalosis to develop. 

Plasma electrolyles . — In previous studies it was shown (hat (he adminis- 
tration of potassium chloride correc(cd (he hypochloremic, hypokalemic 
alkalosis of Cushing's syndrome. I(. was logical to infer (hat ]'es(.rici,ioii of 
potassium would make it wor.se. Our da(.a tend to suppor(. (his inference. 
When first .seen, the patient had a mild alkalosis. Kestriedon of po(,assium 
was accompanied by a slight depre.s.sion of the con cen (radons of plasma 
pota.ssiiim and chloride and .slight increases of the values for plasma sodium 
and carbon dioxide. This tendency was corrected by (he admi?iistration of 
potassium chloride. After removal of the adrenal tumor (he plasma elec- 
trolyte pattern Avas normal even though (he intake of potassium was re- 
stricted. Sixteen months later, when the t.innor had recurred, the inten.sii,y 
of the alkalosis was as severe as we have seen in cases of Cushing’s syn- 
drome. 

Urinary steroids . — In most respects, the quantit.y and variety of steroids 
isolated from (lie urine resembled those that have been found in similar 
cases. Excretion of 17-kotost.eroids Avas increased and there AA\as a high con- 
centration of the beta fraction, chiefly because of the presence of a large 
amount of dehydroisoandrostcrone. The large amount of estrogenic ma- 
terial that Avas isolated is of considerable interest. Estrogenic substances 
haA''e been found in a feAV cases of adrenal cortical tumor and sometimes, 
but more often not, in conjunction Avith feminizing syndromes. The simul- 
taneous excretion of estrogens and .steroids that haA''e androgenic proper- 
ties is unusual but not surprising. It again emphasizes the protean func- 
tional capacities of adrenal cortical neoplasms. NearW thirty'' adrenal 
steroids have been isolated from the adrenal glands of animals. Some of 
these influence the metabolism of salt and AA'ater, others influence the 
metabolism of carbohydrate and protein, AA'hile 11-dehydrocorticosterone 
(compound A) or others may influence metabolism of fat and still others 
have androgenic, estrogenic or progestational properties. The Amriety of 
clinical pictures, the quantitative and qualitative variation in the urinary 
steroids and the absence of histologic homogeneity in the tumor all tend 
to support the thesis that these neoplasms can produce in excessiAm 
amounts almost any one or all of normal or even abnormal adrenal 
steroids.- 


2 For a more detailed discussion of the mechanism by which the pathologic physiology 
of Cushing’s syndrome might be produced by an excess of adrenal steroids, the reader 
is referred to articles by Kenyon (23), Albright (18), and Kepler and associates (24). 
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COMMENT ON THE PATHOGENESIS OF CUSHING’S DISEASE AND 

CUSHING’S SYNDROME. 

Although we are reporting a case of adrenal cortical tumor associated 
with Cushing’s s3mdrome, one of us (E. J. K.) is taking this opportunity 
to discuss the pathogenesis of Cushing’s disease. Before proceeding further, 
a few historical remarks are pertinent. 

Most of the earlj' efforts to account for the clinical picture of Cushing’s 
disease emphasized the role of the anterior lobe of the pituitarj' bod3^ It 
was assumed that adenomatous basophilic cells produced excessive amoimts 
of various pituitarj’^ hormones and that these in turn were responsible for 
the chnical symptoms, either bj' stimulating other members of the endo- 
crine sj^stem or bj’- acting on other loci in the bod5\ This -view was strength- 
ened when it was shown that roentgen therapy’- to the pituitary bodj’’ 
sometimes was followed b3’' a remission of s3’mptoms. Later observations 
discredited the part pla3’^ed b3'' the adenomatous basophilic cells and in- 
criminated the cells described b3' Crooke. 

When it became apparent that the essential features of the s3mdrome 
were not restricted to cases of basophilic tumors of the pituitar3’- bod3' but 
could occur in association •ndth an3'' one of several pathologic lesions, par- 
ticularl3’’ adrenal cortical h3'perplasia and adrenal cortical tumor, another 
school of thought developed. This school emphasized the importance of 
the adrenal cortices. Some of its members maintained that the disease 
began as a primary disorder of the adrenal cortices. Others held the \’iew 
that the primary disturbance began elsewhere, usuall3’' in the pituitar3’- 
body but that most, if not all, of the endocrine s3Tnptoms in all cases of 
Cushing’s syndrome were an expression of disturbances, h3’perfunctioning 
' in character, of the adrenal cortices. Their position was greatl3’^ strength- 
ened after it was shown that when Cushing’s s3ndrome was associated with 
adrenal cortical tumor, surgical removal of the tumor was followed b3^ a 
prompt and dramatic remission of the endocrine symptoms. There was, 
nevertheless, one very formidable objection to their theory. Since adrenal 
cortical insufficienc3’^ was characterized b5’^ disturbances in the metabolism 
of electrolytes, why did not the h3rperfunctioning adrenal cortical lesions 
also disturb the electrol3i:e pattern of the blood? In due time, this objec- 
tion was answered by the appearance of a number of cases of Cushing’s 
s3Tidrome in which there were associated electrol3rtic abnormalities. True, 
the abnormal electrol5i;e pattern was not exactl3'^ the antithesis of that 
which was found in Addison’s disease; but it was sufficientl3' antithetic in 
character to make one suspect that it was the result of excessive adrenal 
cortical activity. The first group of these examples consisted almost en- 
tirel3’' of cases of adrenal cortical “h3'perplasia.” There were in the group, 
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however, some cases in which the adrenal cortices were reported to be 
grossly and microscopically normal; consequently, it could he argued that 
the abnormal olcctroly(,c pattern of the blood was not necessarily the re- 
sult of adrenal cortical hyperfimction. Suijscquently, eases were dis- 
covered in which the hyperfunctioning adrenal lesion was proved to be an 
adrenal cortical tumor/ These cases of adrenal cortical tumor arc particu- 
larly important in that they established beyond any reasonable doubt that 
the disturbance in electrolytes was of adrenal origin. In the ease we have 
reported in this paper, the evidence is particularly convincing because the 
chemical condition of the blood each time became normal after the two 
removals of the tumor and each time became abnormal again after the 
two recurrences. In a sense, then, these cases of adrenal cortical tumor can 
be regarded as a missing link, so that now one can state with finality that 
all of the endocrine symptoms which thus far have been rc])ortcd to occur 
in cases of Cushing’s disease have also been found in cases of adrenal cor- 
tical tumor. 

If adrenal cortical hjq^erfunction can account for all of the symptoms 
of Cushing’s chsease, what part docs the anterior part of the pituitary body 
play in the pathogenesis of this condition? At least two possibilities come 
to mind. First, one can assume that for some unlmown reason basophilic 
hyperfunction occurs. This hyperfunction is characterized bj’- the overpro- 
duction of an adrenotropic agent which stimulates the adrenal cortices. 
The anatomic response to this stimulation is adrenal cortical hyperplasia 
or neoplasia; the functional response is adrenal cortical hyperfimction. 
Note that this assumption seems to imply that the basophilic hj^perfunc- 
tion is limited in scope and restricted in action to the overproduction of 
adrenotropic substance alone, for the reason that if more than one tj’^pe oF 
tropic agent were produced some endocrine symptoms would persist after 
the hyperfunctioning adrenal cortical neoplasm had been removed. This 
implication in turn results in either one of two others: (a) normal baso- 
philic cells are able to make several hormones but in Cushing’s syndrome 
their function is disturbed so that they make only one, an adrenotropic 
substance, in excess; or (b) normal basophilic cells can make onlj'- one 
tropic agent and of this one, in Cushing’s syndrome, they make too much. 
Neither of the alternatives is particularly satisfying. One dislikes the first 
because in what is probably an analogous situation, eosinophilic pituitary 
hyperfunction (acromegaly) usually seems to be associated with the over- 
production of several pituitary principles such as the growth hormone, 
thyrotropic hormone and the diabetogenic hormone.' These, in turn, are 

3 One is the case which we have reported herein; another we observed but did not 
report. Albright (22) encountered a third case and others are mentioned in the literature. 
(23, 26). 
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responsible for the continued growth, the thyroid enlargement and the 
diabetes that go with this condition. One dislikes the second alternative 
because it seems to relegate the production of all the hormones of the an- 
terior part of the pituitarj^ body, except the adrenotropic, to the eosino- 
phihc cells. 

With regard to the second possibility, as to the part played by the an- 
terior lobe of the pituitar}’- body, one can assume that for some unknown 
reason the adrenal cortices become hjT^erplastic or neoplastic and hj^jer- 
function; but that this reaction cannot take place unless the anterior part 
of the pituitary body is reasonably intact functionally. According to this 
A-iew the pituitary body does not instigate the disorder but merely pro- 
\'ides a set of conditions without which the real etiologic agent cannot be 
effective. This distinction between a necessary condition and a prime etio- 
logic factor is a bit slippery, but it can be exemphfied easily. Before the 
micro-organism responsible for pulmonar 5 '^ tuberculosis was discovered, 
inanition, bad air and overcrowding seemed to be the “cause” of tubercu- 
losis because when these factors were ehminated the epidemiologic char- 
acteristics of the disease could be practically ehminated from a commmait 3 \ 
Now it is apparent that these “predisposing” factors do not “cause,” but 
merely pronde conditions which are necessarj’’ or favorable for the dis- 
semination of the tubercle bacilh and its growth and multiplication in the 
affected host. Likewise, in the case of Cushing’s sjmdrome (or for that 
matter, diabetes melhtus and exophthalmic goiter) there is the logical pos- 
sibihty that the anterior lobe of the pituitarj’^ body merely provides a set 
of circmnstances that are necessarj’" for the development of the sjmdrome. 
If this were the case, therapeutic radiation or any other form of therapj^ 
which would alter or reduce the function of the anterior part of the pi- 
tuitary might be followed by remission or favorable alteration of the sjmip- 
toms. 

One of the foxmdations of the pituitarj" theorj’- of Cushing’s sjTichome is 
the frequency vdth which basophilic tumors of the pituitary' body are found. 
This high incidence cannot be dismissed hghtly and requires for its inter- 
pretation something more than a philosophical “brushoff.” Cushing (26) 
reasoned that since eosinophilic tumors hjqjerfunction and cause acromeg- 
aly, basophihc tumors might also hjqjerfunction and cause “basophilism.” 
His concept was contested on two grounds : first, many of the tumors were 
so small that they escaped detection unless special search was made for 
them; second, basophilic tumors often were found in cases in which none 
of the sjmiptoms that he had described was present. Neither of these ob- 
jections is valid. Cushing disposed of the first, for the most part, by calling 
attention to the fact that size per se of an adenoma is no indication of its 
functional potentialities. This is apparent in the case of tiny hj-perfunc- 
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tioning parathyroid tumors or islet cell tumors of the pancreas. The second 
objection, based on frequency of occurrence, likewise carries little weight, 
since it is now well known that, generally speaking, symptomaticallj’’ silent 
endocrine tumors are found at nccro]')sy much more fi-equcn{.ly than are 
tumors which ha\’c Ijoen jiroved to cause sympt oms. 

If the objections based upon size of a tumor and the frequency with 
which nonfunctional tumors occiir can be dismissed as being insignificant, 
what further objections, other than those that, can l)c raised from purely 
clinical considerations, are there to the original pituitary theory and its 
various modifications? There is one objection, and that one is largely in- 
ferential in character; namely, that development of basophilic tumors, as 
well as the Crooke’s changes, might be a I’etrograde phenomenon. Else- 
where in this paper, attention was called to the fact that chromophobe 
tumors of the anterior lol^c of the ]‘)ituit.ary Imdy have been produced in 
animals b 3 '' the prolonged administration of estrogenic substances. If this 
is the case, it is not illogical to suspect, that, administration of some of the 
adrenal steroids might be followed by the ai^pearance of Ijasophilic tumors. 
There is some evidence, not, conclusive to be sure, that bears on this point. 
Woollej^ (27) in a personal communication to one of us (E. J. K.) has said 
that the experiment al production of tumors of the adrenal cortex has been 
followed bj'’ the appearance of basophilic adenomatous changes in the an- 
terior lobe of the pituitary bodjo He, however, was not altogether satisfied 
with the cytologic examinations that were employed. Furthermore, the 
tumors of the adrenal were induced in gonadectomized mice, and conse- 
quentl}'-, there was the possibilitj'^ that the adrenal tumors might have 
been induced bj^ the well-known changes in the function of the anterior 
lobe that occur after the gonads have been removed. 

The pathogenesis of Cushing’s disease involves more than an intellectual 
challenge. This disease, in our experience, is one of the most difficult and 
often one of the most unsatisfactory of all endocrinopathies to treat, and 
all types of treatment employed or recommended have been bases entirety 
on hypotheses. Even when the syndrome is associated witlran adrenal 
cortical tumor, the satisfaction that goes with brilliant immediate cure is 
too often short-lived because of a fatal recurrence of the tumor or metas- 
tasis to the liver or lungs. If these disorders actually begin as a disturbance 
of the adrenal cortices, it seems illogical and unnecessary to subject the 
patient to roentgen therapy to the anterior lobe of the pituitary body, 
particularly when the therapeutic results are often disappointing and un- 
certain . If the fundamental anatomic site of the disorder is in the pituitary 
body, therapy should be directed toAvard depressing its adrenotropic func- 
tion by any means now available or yet to be discovered, not only in cases 
of adrenal cortical hyperplasia, but even in cases of adrenal cortical tumor 
after the tumor has been removed. 
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At the time of this writing in 1947, the question of the adrenal versus the 
pituitary theory of Cushing’s sjmdrome is still open. The problem might be 
approached experimentallj’’ from at least two angles. Patients with Cush- 
ing’s sjmdrome might be studied for the content of adrenotropic .substance 
in the blood and urine after thoroughly reliable methods become available. 
Some efforts along this line have been made. There is still some room for 
skepticism, however, regarding the conclusions which are based on the 
methods now employed. If the condition is characterized regularly bj’- a 
high concentration of adrenotropic .substance in the blood and urine one 
might well conclude that among the endocrine organs the anterior lobe of 
the pituitarj’^ body is primarily at fault. On the other hand, if the adminis- 
tration of adrenal steroids, particularl}’^ those steroids which affect the 
metabolism of protein and carbohydrate, such as compound E (11-dehy- 
dro-17-hydrox3'^corticosterone), should be followed in suitable experimental 
animals bj'^ the appearance of Crooke’s changes or basophihc tumors or 
both, in the anterior lobe of the pituitarj’^ bod^q it would seem that the ad- 
renal cortices are primarily at fault and that the pituitarj’^ abnormalities 
are secondary or at least incidental and could be ignored therapeutically. 

SUMMARY 

A case of adrenal cortical tumor has been reported. The patient presented 
the clinical features of Cushing’s sjmdrome, including hjqsertension and 
hj’pokalemic, hj'pochloremic alkalosis. Urinary excretion of both 17- 
ketosteroids and estrogenic substances was increased to abnormallj’’ high 
levels. The beta fraction of the urinarj’’ 17-ketosteroids was found to be 
increased. Remission of sjmiptoms followed the removal of the tumor. Re- 
currence of the tumor was accompanied by the reappearance of the clinical 
picture. Removal of the recurrent tumor was followed bj"- a temporarj'^ and 
incomplete remission of sjmiptoms. Recurrence of the tumor and the 
appearance of metastatic lesions in the lungs were associated with the 
sjmiptoms that were present prior to the removal of the tumor. Roentgen 
therapj’’ proved to be ineffective. At necropsj'^ the following significant ob- 
servations were made : the anterior lobe of the pituitar j' bodj' contained two 
small chromophobe tumors ; Crooke’s changes were found to be present in 
the basophihc cells of the anterior lobe; the hjqjothalamus appeared normal; 
the tumor had recurred locallj’^ and had metastasized to the lungs; the con- 
tralateral adrenal cortex w’as found to be atrophic; although the patient 
had osteoporosis, the parathyroid bodies appeared to be normal; and the 
endometrium presented eiidence of an apparent absence of progestational 
effects. The immediate cause of death was a bleeding duodenal ulcer. 

A large quantitj’’ of urine was collected before operation and various 
steroidal compounds were isolated and identified. The.se included dehy- 
droisoandrosterone ; etiocholan-3(a)-ol-17-one; androsterone ; androstane- 
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3(a’), ll(0)-diol-17-oiic; prcgnanc-3(a’),20(a')-tUol; AMnidrosicnc-3(/3),17 
(a')-diol; A‘’-andros<.cnc-3(|3), 16(/S), J7(a')-trioI; estrone and a substance 
with the empirical formula CioHaaOj. 

Metabolic studies were conducted before the first operation and shortly 
thereafter. Under the conditions employed, the over-all nitrogen balance 
before operation was negative. Creatine was present in the urine. Potas- 
sium was lost from the body and sodium was retained when the potassium 
content of the diet was kept at a low level. Administration of potassium 
chloride tended to correct the alkalosis, the negative balances for potas- 
sium and nitrogen and the positive balance for sodium. After removal of 
the tumor, nitrogen, sodium, potassium and chloride all were retained in 
large amounts, and creatinuria practicallj’^ disappeared. The amount and 
pH of the urine decreased postoperatively. The metabolic data suggested 
that the functioning adrenal tumor caused loss of muscle and deposition 
of fat and that its removal was followed by loss of fat and deposition of 
muscle. 

The pituitary versus the adrenal theory of the pathogenesis of Cushing's 
di.sease has been discussed, and clinical and experimental methods wliich 
might eventually prove helpful in establishing or refuting one or the other 
of these theories have been suggested. 
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T he clinical picture of self-induced hyperthyroidism may be indis- 
tinguishable from that of spontaneous thyrotoxicosis but the histoiy 
usually makes the ditTerential diagnosis possible. Plowevcr, some investi- 
gators have pointed out clinical symptoms by which they feel one should 
be able to differentiate between the two conditions. Falta ( 1 ) stated that 
eye signs never were present in .simple hyperfunct.ion of the tlyn-oid. Sev- 
eral later investigators have been of. the same opinion. Nevertheless pa- 
tients with alimentaiy h 3 '] 3 erth 3 U-oidism ma3' present, slight e3’’e signs of the 
type seen in spontaneous th3n'otoxico.sis, particulaiLv if the3’' have previ- 
ousR’- had true Graves’ disea.se. On the other hand, patients with endogen- 
ous th3n-otoxicosis ma3'’ show minimal or no e3^e signs. The e3^e signs are, 
therefore, not dependable in the differential diagnosis. 

Enlargement of the th3’’roid gland is usualR'’ observed in endogenous 
th3a‘otoxicosis, but occasional^’' palpation of the th3’^roid reveals no en- 
largement. On the other hand, patients with induced h3^perth3’^roidism, in 
whom one would expect a gland of normal size, ma3' have an enlargement 
due to a nontoxic goiter. Therefore one cannot make the differential diag- 
nosis by the ph3’^sical examination. In most cases of alimentaiy th3’’rotoxi- 
cosis, however, the diagnosis can be made from the history of an excessive 
intake of thyroid, usually'- in an effort to reduce weight. With cessation of 
the thyroid medication the symptoms will subside in a few weeks and 
the diagnosis can be confirmed. 

One of the greatest difficulties in the differential diagnosis between these 
two conditions is encountered with patients having psychiatric problems, 
who will not admit that they are taking thyroid, 

Perkin, McFarland and Hurxthal ( 2 ) and Hurxthal ( 3 ) have studied a 
number of patients with secretly self-induced hy'-perthyroidism and found 
that urinary iodine determinations Avere of great help in establishing the 
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diagnosis. In normal indi\'iduals the urinary output of iodine amounted 
to approximately 100 to 150 micrograms per day and in patients with 
spontaneous lyperthyroidism the excretion was approximately 250 micro- 
grams per day. However, if the thyrotoxicosis was induced bj' thyroid med- 
ication of 0.3 Gm. or more of desiccated thjToid daily, the urinary out- 
put of iodine was still higher. 

Accurate diagnosis of thyroid disorders has been greatly facihtated by 
the use of serum protein-bound iodine determinations as an index of circu- 
lating thyroid hormone and of tracer doses of radioactive iodine as an index 
of the a^’idity of the thyroid gland for iodide. The protein-bound iodine 
of serum is almost in-i'ariabl}' elevated in thjn-otoxicosis [Salter, Bassett 
and Sappington (4); Winkler, Riggs, Thompson and Alan (5)]. 

In connection with the problem of differential chagnosis it is especially 
interesting to note that Riggs, Alan and Winkler (6) found that the ad- 
ministration of large quantities of dried th 3 woid to normal subjects pro- 
duced a clinical picture of h^qierthyroidism with most of the signs and 
sjunptoms of spontaneous hj^perthjwoidism, including an elevation of both 
serum-precipitable iodine and basal metabolic rate. 

Tracer doses of radioactive iodine can be used for diagnostic purposes 
as was first demonstrated bj’’ Hamilton and Solej’’ (7). Keating, Power, 
Berkson and Haines (8) found that the urinarj' excretion of tracer doses of 
radioactive iodine was less than normal in hj’perth^Toid patients. In a 
cUnical studj^ bj’’ A'lcArthur, Rawson, Fluharty and Aleans (9), it was 
demonstrated that a low urinarj’' excretion of radioactive iodine was helpful 
in establishing the diagnosis of Graves’ disease, and that a high excretion 
aided in excluding this diagnosis. Skanse (10) has demonstrated that under 
the standardized conditions emploj'^ed, the 48-hour urinarj' excretion of 
tracer doses of radioactive iodine in 25 patients with thjTotoxicosis varied 
between 6 and 32 per cent as compared to an excretion of 53 to 84 per cent 
in 15 euthjToid subjects. 

We have recently observed two patients, one of whom certainl}’-, and 
the other most probablj^, developed hjrperth^woidism due to clandestine 
ingestion of thjToid. Since the case histories are verj'^ characteristic of this 
categorj^ of patients it has seemed worthwhile to present them as illustra- 
tions of the use of serum protein-bound iodine determinations and es- 
pecially’^ of the minarj’’ excretion of radioactive iodine in the differential 
diagnosis between alimentary and spontaneous hy’perthy’roidism. 

CASE REPORTS 

Case No. 552354. The first patient, AI.AIcAI., a 37-year-oId unmarried 
graduate nurse, was referred to this hospital for studj' of recurrent symp- 
toms of thyu’otoxicosis. 
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I-Ier first liospit.'il .iclinissioii (to nn outside hospital) was on January 15, 193G. At 
tliat time slic presented a characteristic picture of tluToloxicosis. Her weif^ht was 50 
Kg., lier indsc rate was 1 10 to 120 and her basal metalmlic rate (BMR) Avas between phis 
30 and plus 40 per cent. Her thyroid was bilaterally enlarged. She rcj)orted a history of 
urinary frequency since December 1035. She Avas thirsty and had urinary volumes up 
to 4000 cc. a da 3 '. 

She Avas prepared for operation Avith iodine (Lugol’s solution 10 drops three times a 
dajO- Subtotal thyroidectomy Avas performed on .Tanuary 28, 1030, and only small strips 
of thju’oid AA’ere left on each side. The jiathological report Avas one of “hyiierplastic 
goiter.” Her ])ostopcratiA'c condition AA'as fairlj- .satisfactor.A’’ but her juilsc rate remained 
eleA^atcd. A basal metabolic rate, taken eighteen daj’s after operation, Avas plus S per 
cent. A diagnosis of diabetes insipidus Avas made. Pituitrin Avas given in an attempt to 
control urinary frequency but it had little cITcct. She Avas flischargcd on February 20, 
1930. 

The patient felt quite avcII until 1.940, aa'Iicu she again dcA'cIojied almost the .same 
sjunptoms as in 1930 Avith intolerance to heat, muscle Aveakness, easA' fatiguability and 
nervousness. She Avas still sulTcring from thirst and polyuria. She Avas admitted to the 
same hospital on October 28, 1940, presenting a picture of tj’pical thyrotoxicosis. Her 
AA’eight AA’as 41.5 Kg., pulse 100 to 1 10, and her BMR’s Avere plus 32 and plus 25 per cent. 
Her thju’oid shoAved a slight bilateral enlargement in the region of the upper polos. 

She Avas again o])erated ui)on and a small mass of thyroid tissue (4 by 3 by 3 cm.) was 
removed from the region of the right upper ])olc and a similar mass (2 by 2 by 1 cm.) 
from the left upper pole. The pathological report AA-as again one of "hyperplastic goiter.” 
Her thirteen daj's after operation Avas minus 14 per cert. 

On January 2, 1941, the patient claimed that she deA’cloped a scA'ero headache fol- 
loAved tAVo hours later bj’’ convulsions. She aa’us given calcium gluconate intravenously for 
scA^eral days, 20 units of parathormone dailj' for soA'cn da3’'s and then calcium b3’' mouth 
until i\Iay 5, 1941. FolloAving this episode of convulsions her polydipsia and polyuria 
stopped abruptl 3 ’' and these s 3 ’'mptoms haAm not recurred. 

On July 4, 1941, she Avas again examined. Her BMR Avas minus 28 per cent and her 
blood calcium AAvas 9 mg. per cent. Because of the s 3 unptoms of h3q3oth3'’roidism she Avas 
giA^en 130 mg. of desiccated thyroid dail}'^ for one month and 05 mg. dail3'’ for the tAvo 
following months. This seems to liaA'e been the first period during AAdiich she took th]^- 
roid. She seemed to feel AA^ell until the beginning of 1943, when she again began to feel 
tired and nervous . A B]\IR on January 31, 1943, was plus 42 per cent. She was read- 
mitted to the hospital on March 1, 1943, and x-ra 3 '^ therapy of her neck AA\as started. She 
had 5 treatments during tAAm Aveeks, after AAdiich she deA'^eloped radiation sickness and 
symptoms of tetany. She AA^as treated Avith large amounts of calcium, parathormone and 
sedatives and recoA'^ered after about ten days. Blood calcium, chlorides, phosphorus 
and C02-combining power Avere all within normal limits at the time of the attack of 
tetan 3 ^ Her BMR’s Avere falling (March 22, plus 13 per cent; March 30, plus 1 1 per cent; 
April 29, minus 4 per cent; May 1, minus 12 per cent) and her thyroto.xic S 3 nnptoms 
abated to some degree. 

She felt better for some time but in the fall of 1943 she again became A’’ery nervous 
and restless. She entered the hospital again November 1, 1943. At that time her BMR’s 
were plus 40 per cent and plus 39 per cent, and her pulse rate was about 150. She AA^as 
operated upon for the third time on January 4, 1944. The th 3 ’Toid region was explored 
and a piece of tissue Avas removed which was thought to be thyroid, but the pathological 
report showed that it Avas thymus gland. While she was in the hospital her BMR fell 
to minus 6 per cent but the patient did not notice any substantial improvement. She was 
discharged on April 3, 1944, 
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In jMay 1944ithiourea was started, but toxic symptoms appeared ten days later, so 
thiouracil was substituted in a dose of 0.6 Gm. daily. After six weeks tbe BiMR was 
minus 20 per cent so tbe dose was reduced to 0.4 Gm. daily for one month and then 
stopped. She felt better for a few months but later the symptoms of hj-perthjToidism re- 
curred. She was again treated with thiouracil, 0.6 Gm. daily, for about six weeks (in 
the spring of 1945). 

Readmitted to the hospital June 16, 1945, she was still restless and neiwous and had 
a BiMR of plus 33 per cent. She was treated with Lugol’s solution, high caloric diet and 
sedatives. This therapy appeared to have very little effect on her sj'mptoms and on July 
9 she was discharged for a prolonged rest at home on the same regimen. However, she, 
did not improve at all, and on September 11, 1945, she was admitted again with sj'mp- 
toms of irritability, restlessness and nervousness, weakness, heat intolerance, sweating 
and widening of palpebral fissures. Her BiMR was plus SS per cent. Several examiners 
found no e%'idence of goiter. There was no enlargement of the sella turcica, no tumor in the 
pelvis and no evidence of tumor of the adrenals. Thiouracil, up to 1.6 Gm. a day, did not 
have any effect on the symptoms of thjTotoxicosis. Her BMR on January 24, 1946, 
was plus 64 per cent. She was seen by a psychiatrist but there did not seem to be any 
psychiatric or psychological aggravating factors. The patient was discharged on March 
24, 1946. She was then seen several times by her doctor. All signs and symptoms of hj'- 
perthjToidism persisted. (The history so far is based upon correspondence we had with 
the hospital where she was treated before the admission to the Massachusetts General 
Hospital.) 

She was admitted to the ThjToid Clinic of the hlassachusetts General Hospital on 
October 28, 1946, for studj'. At that time her history in summarj' revealed: A 37-j'ear- 
old woman who had developed thjTotoxicosis ten j'ears before, since which time she 
had had three thjToid operations (1936, 1940 and 1944), x-raj' treatment (1943) and 
therapj' with thiouracil and iodine — all without permanent relief of her sj'mptoms of 
hj'perthjToidism. The examination of the patient showed a thin hjiDeractive indiA-idual 
with warm, moist skin, scars in the neck after thjToid surgerj', and without palpable 
thjToid tissue. Her eyes were slightly prominent with a stare, lid lag, and globe lag. There 
was a marked, coarse tremor of the hands. Some slight right facial paralj'sis was present 
but Chvostek and Trousseau signs were negative. Her weight was 44.3 Kg. and her B^IR 
was plus 51 per cent. Her pulse was rapid and regular, varjung between 110 and 150, 
and her blood pressure was 130/170. Urine-analj'sis findings were normal and routine 
blood counts and differential smears were n-ithin normal limits. Pehdc examination re- 
vealed a .slightly enlarged right ovarj', somewhat firmer than normal; her left ovarj' was 
not definitelj' palpable. 

Thus the patient presented a clinical picture that could be explained by 
an overproduction of calorigenic hormone which might be either thjToid 
hormone or adrenahn. We thought the following possibihties had to be 
considered: 

1. Genuine recurrent thyrotoxicosis (Graves’ disease). With no thjnoid 
tissue palpable in the neck and the right ovary somewhat enlarged, we 
had to consider the possibihty of struma ovarii as responsible for her 
thjTotoxicosis. 

2- Hj'peradrenahnemia due to phaeochromocj'toma. The historj’ and the 
earher course of her disease were definitely against such a diagnosis. The 
patient did not have hj'pertension, nor had there been observed any par- 
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oxysmnl episodes of hypci’lcnsion despite i)Volonged liospilal oljsci-valion. 
A pliacochroinocylonia as a cause of her symptoms of many j^ars’ dura- 
tion should also have produced some enlargement, of the licart or other 
signs of heart stress. The diagnosis of phacocliromocytoma therefore was 
not considered to be very likely. 

3. Thyrotoxicosis factitia (.self-induced or alimentary thyrotoxicosi.s). It 
seemed a little peculiar to us that a patient having had three operations 
for removal of thyroid ti.ssue (tlic third time no thyroid tissue having been 
found) and later x-ray treatment of the neck, .should lun'c hyperfunction- 
ing thyroid tissue in lier neck. It was, therefore, suggested that, the pa- 
tient was for some reason or other taking th 3 n’oi(l, whicli was re.spon.sible 
for her .sjnnptoms of h,ypei'tlnn-oidi.sm. The following diagnostic procedure 
was employed ; 

1. Serum protein-bound iodine was determined and found to be 9.6 
micrograms per cent. When compared to the normal value of 3.5 to 7, this 
elevated value is dcfinitelj' in the range found in thjn-otoxicosis. 

2. A tracer dose of radioactive iodine was administered orallv. The urine 
was collected for fortj^-eight. hours. After that time her whole bodj'' was 
scanned with an external gamma-ray Gcigcr-Muellcr counter. No radio- 
activitj'’ could )3e demonstrated in the neck, over the ovaries, or over any 
other part of the body. 

3. The amount of radioactive iodine excreted in the urine was then de- 
termined : 

0-24 hours 94.4 per cent 

24-48 hours 3 . 8 per cent 

Total in 48 hours ’ 98.2 per cent 

The almost total excretion of the radioactive iodine demonstrated that 
this patient did not have any functioning thyroid tissue in her bod 3 ^ This 
finding made us suspect further that the patient produced her thju'otoxic 
state by taking some thju-oid substance. On examination of her belongings 
some pills were found which the patient claimed were luminal tablets 
given to her her doctor, Analj'^sis of the pills, however, demonstrated 
that they contained iodine. In order to test their thj'-roid activity they were 
given to an untreated patient having postoperative myxedema. Adminis- 
tration of 2 pills daily for a week produced a rise in BMR from minus 24 
per cent to minus 13 per cent and a weight loss of 1.9 Kg. without obvious 
change in food or fluid intake. This test patient also experienced aching 
pains in her legs and hot flashes. We believed that this was proof enough 
to substantiate the fact that the pills were thju'oid tablets. 

All forms of medication were then made inaccessible to the patient. The 
BMR, which on admission here was plus 51 per cent, fell in less than three 
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weeks to normal (0 and plus 3 per cent). The protein-bound iodine fell at 
the same time from 9.6 micrograms per cent to 1.6 micrpgrams per cent, 
the latter value being in the range seen in hypothyroidism. 

The patient was interviewed by a psychiatrist but the motivation for 
self-medication was not found in tliis single interview, nor would she admit 
ever ha\ung taken thyroid in excess. She was then discharged from the 
hospital to her local doctor. 

Case No. 349932. The second patient, L. R., was a 40-3mar-old married 
woman who was referred to the Massachusetts General Hospital for study 
of symptoms of thyrotoxicosis. 

She had been healthy until about 1935. At that time she started to reduce her weight, 
which was 63.5 Kg., by diet and thyroid medication. In two years she lost about 11 Kg. 
of weight but felt well. In the summer of 1937 she began to have series of carbuncles and 
boils. In October, 1938 she was hospitalized elsewhere for treatment of this condition 
and because of a rather sudden loss of about 5 Kg. in weight. She also complained of 
increased nervousness and perspiration. Her BMR was plus 49 per cent, pulse rate about 
120, and blood pressure 170/90. There was no enlargement of the th 3 ’roid and no exoph- 
thalmos. The doctor who examined her felt that she presented a clinical picture of thj’^- 
rotoxicosis. For a year she was treated with iodine and prolonged bed rest and received 
x-raj' therapy to her th 3 Toid. She continued to lose weight, decreasing to 45.5 Kg., de- 
spite a high caloric diet. Her BMR was constantb' elevated, being between plus 30 and 
plus 60 per cent. AYhen she did not respond to this treatment it was felt that surgical 
intervention was indicated and a subtotal th 3 'roidectom 3 ’’ was performed in November, 
1939. At operation the th 3 Toid gland was found to be distinctb' smaller than normal. 
A major part of it was removed. The removed gland was reported normal on microscopic 
examination. At operation, digital and visual search was made for aberrant th 3 ’^roid gland 
but none was found. The patient did not improve after operation but continued to feel 
weak and nervous. She perspired easib' and became breathless on climbing stairs. She 
had attacks of what her ph 3 'sician described as “parox 3 'smal fibrillations.” Her weight 
remained at about 45 Kg. 

In December, 1940 she visited another hospital where further surger 3 ' was advised 
but the patient refused. (The histor 3 ' so far is based upon correspondence with her per- 
sonal ph 3 'sician). 

She was admitted to the ^Massachusetts General Hospital for stud 3 '^ on April 7, 1942. 
Ph 3 "sical examination revealed a thin, pale woman. Her weight was 38.5 Kg. Her skin 
was warm and moist. Brown pigmentation was present on both e 3 mlids, and there were 
also dark brown, macular, circular spots (2 to 3 mm. in diameter) scattered over the 
cheeks and chin, the forearms and backs of the hands and around the ankles. No pig- 
mentation was present on the palms or on the mucous membranes. There was no pal- 
pable th 3 'roid tissue in the neck and no exophthalmos or other e 3 ^e signs. A coarse tremor 
of the fingers was demonstrated. Her heart was of normal size, her pulse rate was 90 to 
100 and her blood pressure was 130/70. An electrocardiogram was normal. BMR’s were 
plus 31, plus 38 and plus 41 per cent. Protein-bound plasma iodine, determined b 3 ' Dr. 
Y . T. Salter, was 20.6 micrograms per cent. This value was in the range found in th 3 '- 
rotoxicosis, the normal being 4 to 8 micrograms per cent, according to the method used 
at that time. Blood cholesterol was 172 mg. per cent. X-ra 3 ' examination of the chest and 
neck did not show an 3 ’ substernal goiter, or tracheal compression. 

The patient presented a clinical picture of th 3 Totoxicosis, and the elevated serum 
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prolein-lioinul iodine niso favored tliis diagnosis, but no thyroid tissue could be felt in the 
nock. The possibility of a hyi)crfunctiomng ovarian struma was considered but no evi- 
dence of ovarian tumor could be found. Therefore, the jjatient was discharged without 
a definite diagnosis on April 14, 1942. 

She was admitted again to the j\Iassachusetts General Hospital on January 1, 1947, 
with a diagnosis of Graves’ disease. At tliat time her intcr\'cning history disclosed that 
following discharge in 1942 the patient continued very much as before. In 3944 thiou- 
racil treatment was begun with a do.se of 0.2-0.3 Gm. daily, gradually increasing to O.G- 
0.7 Gin. daily after three to four weeks, and decreasing to 0,3-0.4 Gm. daily after two 
to three months. This course lasted for one year and was discontinued when it became 
apparent she received no benefit. Prior to and subsequent to this thiouracil treatment 
she took iodine without benefit. She continued to have e.vertional d 3 'spnea and again 
complained of nervousness, weakness, eas.v fatiguabilit 5 ', sweating and heat intolerance. 
Her ajipetite remained good and her weight remained stationary during this period until 
1946, when she gained 2 Kg. 

Throughout the period following her first admission the one sj'mptom which had 
progressed was the frequenej' of her episodes of paroxj’smal rapid arrhythmia. Occurring 
occasionalh' at first, thej" became later more frequent, and were almost constant for the 
three months prior to admission. No beneficial clTcct was noted from quinidine or digitalis. 
She also took 0.6 Gm. of thiouracil a da}', for the three months before admission — again 
without effect. Her nervousness had increased. She had not taken iodine, nor had she 
had a cholccj’stogram during the preceding 3 'car. 

The examination showed a thin, jialc woman weighing 47 Kg. She had cool, dry skin 
which was pigmented, as in 3 942. There was no pigmentation in the mouth. She had a 
marked tremor of the fingers but no o.ye signs. No goiter could be felt and the presence 
of thj'roid tissue was questionable. Her heart was slightly enlarged. Her pulse rate was 
100 to 330 and her blood pressure was 340/95. An electrocardiogram showed auricular 
fibrillation with a ventricular rate of about 140. The blood-sedimentation rate was 5 
mm. per hour. Cholesterol was 167 mg. per cent. Her BMR’s were plus 36 and plus SO 
per cent'. The protein-bound iodine of the serum was 14.5 micrograms per cent (normal, 
3.5 to 7.0 micrograms per cent). 

On the whole, the patient presented the same clinical picture as she had 
on the first admission in 1942, the only apparent change being onset of 
fibrillation. She had a long history suggesting th 3 a-otoxicosis and definite 
symptoms of hyperthyroidism including an elevated basal metabolic rate 
and definitelj'' elevated serum protein-bound iodine. As before, the main 
problem was to determine whether or not this patient had endogenous 
thyrotoxicosis. 

In her history there were several peculiar features. The patient did not 
improve at all following the subtotal thyroidectomy in 1939. The thyroid 
gland was at that time found to be grossly smaller than normal and micro- 
scopically normal. She did not respond to one year’s treatment with thiou- 
racil. She did not present a characteristic picture of thyrotoxicosis. There 
were no eye signs. In the period between the two Massachusetts General 
Hospital admissions she developed auricular fibrillation. It was of the type 
that appears in thyrotoxicosis. It was paroxysmal in nature, responded 
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poorly to quinidine and digitalis and appeared in a relatively young TS’oman 
vdtliout other obvious cause. Mitral stenosis was considered but no char- 
acteristic murmurs could be heard even when the cardiac rhjdhm was nor- 
mal. Active rheumatic fever was considered as a faint possibihty, but the 
blood-sedimentation rate was found to be normal. A diagnosis of rheumatic 
fever could explain neither her high BMR nor the long clinical course. 

In this situation it was decided to give the patient a tracer dose of radio- 
active iodine. The radioactive iodine excretion test gave the following 


result: 

Per cent of 

Time 

Urine volume administered 

excreted in urine 

0-24 hours 

680 ml. 53.2 

24-48 hours 

320 ml. 2.8 

Total in 48 hours : 

56.0 

This result was in the range 

considered normal. Since no thjmoid tissue 


could be felt in the neck a careful search for ^adioacti^^ty over the whole 
body was made vdth an external gamma-ray Geiger-MueUer counter. This 
revealed no activitj’’ in the neck, over the ovaries or in any other part of 
the bod 3 ^ The results of the direct measurements therefore did not check 
with the minary excretion figures. We should have been able to demon- 
strate some radioactivity in the body if she had excreted onl}’’ 56 per cent of 
the dose. It was noted, however, that the urinary volumes were very small, 
being 680 cc. and 320 cc., and we thought that perhaps some of the urine 
was discarded by mistake. Both the nurses and the patient denied this 
possibihty. AVe therefore decided to repeat the radioactive iodine excre- 
tion test and to collect the urine by an inlying catheter. The patient firmly 
objected to such a procedure but was finaUy persuaded to submit to it. 
Dming the test the patient asked several times to have the catheter re- 
moved because she said she had to make “important” telephone calls. 
However, this was not permitted. The result of the second test showed the 


foUowing: 

Time 

Urine Volume 

Per cent of 
administered 


, 

excreted in urine 

0-24 hours 

1090 ml. 

85. 7 

24-48 hours 

900 ml. 

11.6 

Total hi 48 hours: 


97.3 
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111 this second test the urine volumes were almost double those of the first 
test. It is verj^ likely that, the patient herself had intentionally discarded 
some urine during the first test. We know by c.Kpericnce that the mine 
volume alone docs not. play a role in the excretion of the radioactive iodine. 
Since this second test revealed that the patient, was exia-oling almost all the 
radioactive iodine administered, the possibility that this patient’s symp- 
toms were caused by hyperfunctioning thyroid tissue was excluded. 

We were then confronted with the following contradictory evidence: 1. 
The patient’s history and clinical picture .seemed to indicate hyperthy- 
roichsm. 2. Her serum protein-bound iodine was elevated to the range 
found in thyrotoxicosis. 3. Her radioactive iodine excretion was almost 
100 per cent. It seemed to us that the most feasible explanation of the 
.situation was that the patient was taking thyroid. However, when this 
possibility'’ was discus.sed with her .she categorically denied it, became 
very upset, and immediately decided to leave the hospital. Our plans to 
have her seen by a psychiatrist could therefore not be carried out. The 
diagno.sis of self-induced thyrotoxicosis is not fully proved in this patient, 
but there is little doubt in our minds that this must have been the essential 
condition. 

DISCUSSION 

Typically, in thyroloxico.sis one finds an elevated serum protein-bound 
iodine and a low urinary excretion of tracer doses of radioactive iodine. In 
the two cases reported here, however, an elevated scrum protein-bound 
iodine was associated with a high urinary excretion of radioactive iodine, a 
combination which apparently is characteristic of alimentary hyperthy- 
roidism. The serum protein-bound iodine may usually’^ be accepted as an 
index of circulating thyroid hormone. It is, of course, impossible to differ- 
entiate between the thyroid hormone produced by the individual’s own 
gland and thyroid hormone derived from medication. However, the radio- 
active iodine tolerance test is of assistance in determining the origin of a 
high value of 'ffiorinonal” iodine. If the elevated protein-bound iodine is 
caused by an increase in activity of the patient’s thyroid gland then this 
gland’s avidity for iodine is also increased and this can be demonstrated 
either directly by in vivo measurements of radioactivity over the gland or 
indirectly by a low urinary excretion of the radioactive iodine. If, on the 
other hand, the high serum protein-bound iodine is caused by prolonged 
administration of thyroid, then the gland has a decreased avidity for iodine 
and the radioactive iodine test gives a high excretion value. 

It might be argued that the two patients whose cases are reported here 
probably had little or no thyroid tissue left and therefore would be ex- 
pected to excrete practically all of the administered radioactive iodine. 
However, even in a patient with an intact thyroid gland, the same pattern 
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of elevated serum protein-bound iodine and high excretion of radioactive 
iodine may be produced by excessive ingestion of thyroid, as illustrated by 
the following case: 

A.P. was a 35-year-okl married woman who was healthy until she reached puberty at 
the age of 14. Shortly after this she began to have attacks of somnolence, and a diagnosis 
of narcolepsy was made by an outside physician. At that time she was found to have a 
low basal metabolic rate of from minus 25 to minus 32 per cent. For the past five years her 
physician had prescribed fairly large doses of thjToid; for the first three years she took 
0.3 Gm. daily and for the last two years, 0.4 to 0.5 Gm. daily. She developed palpitation 
and dyspnea on exertion, but denied nervousness or intolerance to heat. Examination 
revealed a jumpy and nervous woman. Her skin was of normal temperature but some- 
what moist and there was a fine tremor of the extended fingers. Her thjToid was palpable 
but not enlarged. No eye signs were present. Her heart was of normal size. Her pulse 
rate was 86. Her blood pressure was 130/70. The basal metabolic rate was plus 3 per cent. 
Her serum protein-bound iodine was 9.4 micrograms per cent and she excreted 86.7 
per cent of a tracer dose of radioactive iodine in fortj'-eight hours. 

After these studies were completed the thyroid medication was stopped. Eight weeks 
later the patient had gained 6 Kg. in weight. She was much more quiet than she had 
been at the first examination. The tremor of her fingers had disappeared. Her pulse rate 
had fallen to 68. At this time the laboratorj- studies were repeated. Her basal metabolic 
rate was minus 17 per cent. Her serum protein-bound iodine was 5.4 micrograms per 
cent and the radioactive iodine excretion test showed 66.8 per cent excreted in forty- 
eight hours. 

When this case was first studied we found the combination of elevated 
serum protein-bound iodine and high excretion of radioactive iodine which 
we had found in the two other cases. "^Tien the th^woid medication was 
stopped, both the serum protein-boimd iodine and the excretion of radio- 
active iodine decreased to values definitely in the normal range. The result 
of the radioactive iodine excretion test sugge.sts that the thjToid medica- 
tion depressed the function of the thjwoid gland, as would be expected 
from previous observations (Farquharson and Squires (11); Pdggs, I\Ian 
and Winkler (6)). 

Unfortunately, the combination of an elevated serum protein-bound 
iodine and high urinary'' excretion of radioactive iodine, while characteris- 
tic of, is not bj’’ itself pathognomonic of, alimentary th 3 Wotoxico.sis. In a 
patient with endogenous thj'rotoxicosis treated with either thiouracil or 
iodide one maj’' find the same laboratory pattern imtil the disease is brought 
under control. The radioactive iodine excretion, which in the untreated 
thyrotoxic patient is low, becomes high when thiouracil treatment i.s used 
because this drug prevents the utilization of iodide by the thyroid gland. 
Therefore, when a tracer dose is administered, most of it wiU be excreted in 
the urine. When iodide is given therapeutical^’, the concentration of inor- 
ganic iodide in the blood is so great compared to the amount of iodide 
administered in a tracer dose, that differences in the thyroid's a-vidity for 
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iodide will not be demoiislraied. Furthermore, iJie gland becomes saturated 
with iodide and will collect verj'’ little more. 

A patient who has recently had a cholcc 3 ^stogram maj^ also show the 
same pattern of laboratory data. The organically bound iodine in the gall- 
bladder dye may kee]D the serum protein-bound iodine elevated for a long 
pei-iod of time, perhaps as long as a year (12). It will also inci-case the ex- 
cretion of radioactive iodine. As an example, we i-ecently studied a patient 
with a classical picture of Graves’ disease. Unircated, the patient excreted 
only 12.6 per cent of a tracer dose of radioactive iodine. She then had a 
cliolec 3 \stogram. Two days later (,hc radioactive iodine test was repeated. 
In the second test the patient excreted 79.5 per cent. We do not know how 
long this elTect on the radioactive iodine excretion last s nor the mechanism 
by which it works. Experiments to elucidate these problems arc in progress 
in our laboratory. We believe, however, that such things as previous chole- 
C3’’Stograms might be i-esponsiblc for the fact that tlijn-otoxic patients 
occasional!}'’ have a Veiy high excretion of radioactive iodine. 

SUMiMAllY 

A case of secretly self-induced thjTotoxicosis (thj’^rotoxicosis factitia) 
is described, and a second case in which circumst>antial evidence strongly 
favored the same diagnosis is also discussed. In both patients the clinical 
picture was indistinguishable from that of endogenous thj’^rotoxicosis. The 
differential diagnosis was facilitated b}’^ the use of tracer doses of radioac- 
tive iodine. In endogenous thyrotoxicosis the urinary excretion of radio- 
active iodine is low compared to that of euthj'^roid individuals. In thja’otoxi- 
cosis factitia the exci’etion of radioactive iodine is higher than normal. 
Since the serum protein-bound iodine is elevated independently of the 
source of iodine-containing hormone, this test is not contiibutoiy to the 
differential diagnosis. Other conditions which may produce the same com- 
bination of elevated serum protein-bound iodine and high excretion of 
radioactive iodine are discussed. 
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HORMONAL FACTORS INVOLVED IN THE REGU- 
LATION OF BASAL BODY TEMPERATURE 
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T he biphasic aspeoi. of t.hc basal body Icinpcratiirc during the normal 
menstrual cycle is now a well-established fact. The temperature rise 
of three-fifths to one degree Fahrenheit wliicii occurs at or about the time 
of ovulation is a phenomenon frequently used diagnostically and thera- 
peutically. There are freqticnt variations from this typical biphasic curve, 
with its abrupt, midc^xle rise, which have been commented upon elsewhere 
(1), but generally speaking the rise maintains itself \intil the onset of the 
next menstrual period during which it. drops to its preovulatoiy level. In 
the event that pregnancy occurs and the next menstrual period fails to ap- 
pear when expected, the basal temperature does not. return to its preovula- 
tory level, but continues at or about the level maintained during the latter 
two weeks of the menstrual cj^le. This, in itself, is a fairly accurate diag- 
nostic sign of pregnancy. 

The purpose of this paper is two-fold: first, to present evidence as to 
the actual cause of the temperature rise during the latter half of the men- 
strual cycle and second, to investigate the progress of the basal body tem- 
perature throughout pregnanc 3 \ 

METHODS AND OBSERVATIONS 

In order to ascertain the effect of steroid ovarian hormones on basal 
body temperature, six patients Avith secondary amenorrhea and AAoth little 
or no endometrial actiAuty as determined by biops)'', AA^ere studied in the 
following manner. After a temperature base line had been established, the 
patients were given by mouth a priming dose of estrogen consisting of 3 
to 5 mg. of either estrone sulfate* or diethylstilbestrol daily for about tAvo 
weeks. Various amounts of progesterone, ranging from 10 to 25 mg. daily. 

Received for publication April 22, 1948. 

* Read before the Thirtieth Annual Meeting of the Association for the Study of In- 
ternal Secretions, Chicago, June 18, 1948. 

1 The estrone sulfate (Premarin) and chorionic gonadotropin (APL) Avere supp le 
to us through the courtesy of Dr. Murray Scott of Ayerst, McKenna and Harrison, tie 
progesterone (Proluton), through the courtesy of Dr. Edward Henderson of the Schering 
Corporation. 
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were then administered for from seven to fourteen days. Dming this time 
the estrogen was either discontinued or maintained at half the original 
dosage. The temperature curves obtained from these patients during treat- 
ment inchcate that estrogen may produce a shght depression of the basal 
temperature whereas progesterone, either with or without estrogen, pro- 
duces a A’ery definite rise. In some instances the latter amounted to a degree 
or more (Fig. 1). These observations are in substantial agreement 'ndth the 
findings of Barton and Weisner (2). Frequent biopsies to ascertain the 
effect of these substances on the endometrium confirmed the acthdty of 
the administered hormones. Characteristic endometrial responses are 
demonstrated in Figures 5 and 6. 

In addition to this effect of ovarian steroids on the temperature levels 
of amenorrheic patients, it has been shown pre\'iously that the administra- 
tion of large amounts of chorionic gonadotropin to normal women during 
the latter half of the menstrual cycle maintains the posto^'ulator 3 ' rise and 
prevents menstruation for a considerable length of time (3). This experi- 
ment has been repeated by one of the authors (4) with confirmation of 
these findings (Fig. 2). It has been assumed that the chorionic gonado- 
tropin stimulates the existing corpus luteum to produce progesterone and 
that the latter substance is responsible for the maintenance of the tempera- 
ture rise. 

In this connection there is also the possibility that the chorionic gonado- 
tropin itself is directly responsible for the maintenance of the temperature 
rise. To test this alternative, a 31-year-old bilaterally’' ovariectomized 
woman was given an equivalent amoimt of chorionic gonadotropin after 
priming with estrogen. No rise in temperature occurred (Fig. 3). It there- 
fore seems probable that the maintenance of the temperature rise during 
treatment in the normal woman is due to the action of progesterone se- 
creted by the ovary in response to the injected gonadotropin. 

In \dew of these findings one would expect that the elevated basal body 
temperature would be maintained throughout pregnancy, since proges- 
terone is present in gradually increasing quantities, at least as determined 
by measurement of the pregnandiol excretion (5). To test this hypothesis, 
three patients were instructed to continue temperature charts throughout 
the period of gestation. One woman kept records during two pregnancies, 
the second of which terminated in a five and one-half months miscarriage 
due to unknown causes. It is interesting and surprising to note that in each 
case the temperature in the fourth month of pregnancy began a gradual 
drop which reached preo^'ulatory levels by the beginning of the fifth 
month (Fig. 4). Since these observations were made, two similar charts 
have been included in a report concerning the time of o\T.ilation and con- 
ception (6). 
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i BIOPSY 

Figs. 1-4 


1. Temperature chart of patient treated with estrone sulfate, 5 mg. daily, followed 
by progesterone, 25 mg. daily. Arrows indicate dates of endometrial biopsj'. XX indi- 
cates onset of bleeding. 

2. Temperature chart of a normally-ovulating patient treated with human chorionic 
gonadotropin following the ovulatorj'^ temperature rise. 

3. Temperature chart of a bilaterally oA’-ariectomized woman treated with daily 
doses of human chorionic gonadotropin following previous treatment with estrone sul- 
fate. 

4. Temperature charts of 3 patients folloAved throughout pregnancy, the base line 
representing the number of weeks since the last menstrual period. One patient recorded 
her temperature throughout a second pregnanc 3 '-, which terminated in a miscarriage at 
25 weeks. 

DISCUSSION 

It is apparent from the experimental data presented above that the 
elevation of basal body temperature in hormone-treated amenorrheic 
women is due to the action of progesterone. That this is also the case in 
normal women during the latter half of the menstrual cycle and early 
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Fig, 5. Photomicrograph of an ‘endometrial gland from the first biopsj’- indicated 
in Figure 1, to demonstrate the response to the estrogen treatment. 



Fig. 6. Photomicrograph of endometrial glands from the second biops 3 ’ indicated 
in Figure 1, to demonstrate the response to the progesterone treatment. 
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pregnancy is strongly suggest, cd by the close (einporal coi'i’clation between 
the rise and decline of basal temperature and luteal activity. On the other 
hand, if this is the case, it. is surprising that a temperature drop should 
occur during midprcgnancy at a time when pregnandiol excretion studies 
indicate a constantly rising level of circulating ])rogesteronc. 

Several possibilities exist, which might account for the above discrep- 
ancy. For instance, it is pos.'^ible that a refractory state develops in con- 
nection with the t.hermogcnic action of progesterone or that the action of 
progesterone is overcome by stronger thermodepressant factors. Lack of 
data in this regard precludes further .speculation. A .second altei-nativc is 
that the maintenance of the temperature ri.se during early pregnane}’- may 
be due, at least in part, t o unknown factors other than progesterone. Here 
again the paucity of information makes the identification of any such fac- 
tors a matter of conjecture. It is interesting to note, however, that Caffier 
(7) has report ed that trophoblast grown in ti.ssue cult lire po.ssesscs proteo- 
lytic activity which disappears about the fourth month of gestation. Could 
it be that the lytic actiA'ity of the t-rophoblast on the decidual tissue of the 
mother during the early months of pregnancy results in a .slight febrile 
response on the part of the lat ter? Certainly the time relationship is inter- 
esting and since widespread lysis of tissue often produces a febrile response, 
this possibility may have some factual significance. 

An additional explanation with important implications is that the de- 
cline in basal body temperature during pi’egnancy, as in the menstrual 
cycle, may reflect a decrease in physiologically active progesterone. This 
concept is at variance with the generally accepted belief that the mainte-_ 
nance of gestation is dependent upon increa.singly high levels of proges- 
terone activity. However, Atldnson and Hooker (8) have recently pointed 
out that the prevalent view is open to question. Urinary excretion of preg- 
nandiol in woman is accepted as evidence of the presence of circulating 
progesterone. Unfortunately, however, few or no direct data are available 
relating the levels of circulating progesterone to the urinary output. 
Furthermore, experimental studies in lower animals indicate that the level 
of physiologically active progesterone may decrease considerably during 
the second half of gestation (8, 9, 10). The decline of the elevated basal 
temperature at midpregnancy in the human is consistent with a hypo- 
thetical decline of active circulating progesterone. Further work is indi- 
cated before the question can be settled conclusively, 

... ' SUMMARY AND CONCLUSIONS 

In order to ascertain the cause of the well known' postovulatory rise in 
basal body temperature in normal cyclic women, six patients with amenor- 
rhea and with little or no endometrial activity were given sequential ther- 
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apy of estrogen followed by progesterone. The patients were followed by 
temperature charts and endometrial biopsy. The basal body temperature 
invariably rose significantly (three-fifths to one degree Fahrenheit) during 
progesterone therapy. 

The posto^■^llatory temperature rise was also maintained and menstrua- 
tion postponed ten to thirty days in normal women by the administration 
of chorionic gonadotropin. However, chorionic gonadotropin administered 
to a castrate following estrogen priming did not result in any significant 
change in basal temperature. It was assumed, therefore, that the mainte- 
nance of the postovulatory temperature rise b3’- chorionic gonadotropin 
was due to its luteotropic effect and that here also progesterone produced 
the temperature response. 

To determine whether the rise were maintained throughout gestation, 
three women (one through two pregnancies) kept temperature charts until 
deliver5\ The temperature fell to its preo\nilator3’- level uniformlj’- between 
the fourth and fifth month in all cases. This was in spite of the commonl^^ 
supposed steadj"^ rise in progesterone acthdtj’- as determined by pregnandiol 
excretion. Some conjecture, but no final explanation is offered for'this in- 
teresting phenomenon. 
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THE CAUSE OF PHYSIOLOGIC BASAL TEMPERA- 
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T he clinical application of basal temperature changes in the study of 
ovarian function has met with wide acceptance since the publications 
of Tompldns (1), Davis (2) and others (3, 4, 5). This simple physiologic 
phenomenon has provided a much-needed tool for the interpretation of 
normal and abnormal ovarian actiHty. The mechanism for these tempera- 
ture fluctuations has not been elucidated. The following observations were 
carried out in an attempt to throw additional light on this subject. 

In the past three years well over 1000 temperature graphs have accumu- 
lated in the studj’- of sterility and other endocrine disorders, as well as in a 
large group of normal individuals who were used as controls. These graphs 
have been prepared by the patients themselves after careful instructions on 
how to keep a basal temperature record. Oral temperatures have been used 
throughout, since it has been demonstrated that the pattern is similar to 
rectal temperatures and that the latter proHde no greater degree of ac- 
curacy. Most patients have obtained readings over a period of three or 
four months but many have kept a continuous graph for a year or longer. 

A careful study of these graphs reveals some interesting facts which are 
worthy of comment. About 75 per cent of patients present graphs in which 
the temperature curve is sufficiently typical to provide valid data concern- 
ing ovarian function. The remaining 25 per cent of patients have such 
violent temperature fluctuations that the pattern may be completely dis- 
turbed. These are highly strung, nervous individuals, many of whom lead 
irregular lives, working, eating, sleeping and worrying to such an extent 
that these emotional, physical and metabolic stimuli mask the hormonal 
control of the body basal temperatures. Furthermore, in the interpretation 
of temperature graphs isolated irregularities in a curve must not be given 
undue importance because the general pattern extending over one or more 
complete cycles is a better index of ovarian activity. In spite of these handi- 
caps, a temperature graph carefully prepared by a patient is of inestimable 
value. 

There has been considerable discussion as to the interpretation of the 
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o^nllato^ 5 ’^ rise in teihperature in the light of its great practical significance. 
Clinically, as ^-ell as for academic reasons, it is important to knoy the exact 
time of OAnilation. The life of the human o\nim is very short, certainly less 
than twenty-four hours. Spermatozoa surNure a longer period but their 
fertihzing power is definitely limited. Problems of human reproduction 
would be simphfied if we could indicate the exact time of o^^ilation. 

In some graphs a temperature drop can be seen just before the oinilatorj" 
rise, usually the day before. Some authors have interpreted this preovula- 
tory drop as the time of ovmlation. Coitus during this period has resulted 
in some pregnancies. However, the drop is not a constant phenomenon and 
is difficult to interpret. In the graphs we stucfied, a tj-pical drop prior to 
the ovTilatorj’^ rise was evddent in less than fifty per cent. Furthermore, this 
drop in temperature could be ascertained in many cases only after the 
ovnilatorj"- rise occurred. Thus, its clinical value is lost because of the in- 
ability of the patient to interpret the graph correctly. 

There is considerable evndence that ovnilation ma 3 ' occur during the rise 
in temperature. The best evidence to support this vdew has been presented 
recentty bj' Greulich (6). He examined ovaries of women removed at the 
low point in the basal temperature graph. He foimd large follicles in the 
ovaries but no recentty ruptured corpora lutea. In a second group of women 
he examined the ovaries at laparotomj’’ after the temperature had passed 
the low point and had begun to rise and he found new corpora lutea. He 
concluded that ovmlation occurs after the temperature has passed its low 
point. 

The present studj^ comprises three parts: 1) the time of ovulation in 
relation to bodj"^ basal temperature changes; 2) the artificial reproduction 
of the temperature curve in women with primarj" amenorrhea and following 
castration, bj'- means of estrogens and progesterone; and 3) the stud}’ of 
ovarian actmty in the absence of the uterus. 

DATA 

In a study of 100 basal temperatrue graphs of women who conceived, we 
foimd 24 records in which coitus took place during the period when the 
temperature had passed the low point and was rising to the postov’ulatorv^ 
level. Five examples are shown in Figure 1. These women had regular cj’cles 
prior to conception, recruring every twenty-seven to thirty-one daj'S. In 
an additional 48 patients, coitus took place at frequent intervals extending 
from the low point prior to the rise in temperature until the rise reached 
its peak. 

It is generalty assumed that in women who have regular cv’cles varj-ing 
from twenty-eight to thirty-one da^’s, ovulation is most likeh* to occm 
during the interval between da 5 ’s 10 and 18. Data collected bj’ Hartman 
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(7) in the macacque, as well as records of isolated coitus in women confirm 
this observation. Furthermore, the life of the human corpus luteum has 
been estimated to be fomdeen or fifteen days. In Figme lA, coitus oc- 
curred on days 7, 15, 16 and 21. It is unlikely that the fruitful coitus took 
place on day 7 or 21. Thus there is good presumptive evidence that o-^nila- 
tion and pregnancy occurred on day 15 or 16 during the rise in the tempera- 
ture curve, rather than on day 13, the low point in the curve preceding the 
rise. In Figure IB, coitus occurred on da 3 ’’s 13 and 15 and not again until 
daj^ 20. It is fair to presume that fertilization occurred during one of these 
daj's and during the temperature rise. Similar deductions have been drawn 
from data in Figures IC and ID. Finally, Figure lE shows a gi-aph from a 
patient who had regular menstrual C 3 'cles recm-ring ever 3 ' twent 3 '-eight to 
thirt 3 "-one da 3 ’’s. She had not conceived because of a severe oligospermia in 
the husband. For this reason the frequenc 3 ’' of coitus was reduced to once 
or twice a month. Thus coitus took place onl 3 " once, on da 3 ^ 13, and it was 
followed b 3 ’ conception. This coincided with the peak of the luteal rise in 
basal temperatures. 

The present stud 3 ^ was not contemplated at the time the patients pre- 
pared their graphs. The women were primaril 3 ^ patients who complained 
of infertilit 3 ' and a basal temperature record was a part of the investigation 
and treatment of their failure to conceive. 

There is considerable e^^dence that the high level of the temperature 
during the luteal phase of the C 3 ^cle is brought about b 3 ’’ progesterone. The 


Fig. 1. Basal temperature graphs in a study of sterility in patients who 
ultimatel}' conceived, showing the fertile cycle in each case. 

(A) J. R. 35S909. This patient had fairly regular 29 to Sl-daj" cjxles as indicated in 
her temperature graph. Coitus, marked by a circle, occurred on days 7, 15, 16 and 21. 
She probably conceived on day 15 or 16 as the temperature was reaching the top of the 
rise. 

(B) A. !M. 406201. This patient had regular 27 to 2S-da}’ cycles. Coitus occurred on 
daj’S 13 and 15 and not again until day 20. She most likely conceived on day 13 or 15 
after the temperature had passed its low point.on daj- 12. 

(C) H. B. 1S3143. The ovarian cj'cles were fairly regular, var^-ing from 2S to 31 
days. The low point in the temperature cur\-e occurred on day 12: however, coitus took 
place on days S, 14, 15 and 21. She probablj" conceived on day 14 or 15. 

(D) J. T. 300S69. This patient had regular 27 to 29-d3y cycles. The low point in the 
temperature curve was on day 10. Coitus occurred on days 5, 7, 13, 14, 17 and 21. It 
is more than likely that pregnancy occurred on days 13 or 14. 

(E) J. B. 394057. This patient had regular cj’cles recurring every 2S to .31 days. Her 
husband had a pronounced oligospermia. Coitus occurred only once, on day 13 in the 
cycle illustrated, following which she conceived. Note that this was near the peak of 
the ovulatory rise. 
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following facts supj^ort t,his view. The temperature i-cmains at its elevated 
level during the active secreloiy life of t,he corpus lulcum. We have been 
able to correlate the output of pregnandiol and the elevated temperature. 
The rise in temperature is followed by an increased output, of pregnandiol 
which persists throughout t,he luteal phase. Twenl.3^-four to thii-ty-six hours 
prior 1.0 menstruation t,he corpus liitcum ceases to be active, pregnandiol 



Fig. 2. Two menstrual cycles, 2S and 31 days in length, showing the relationship of 
pregnandiol excretion in the urine (black columns) and the basal temperature fluctua- 
tions. There is a good correlation between the excretion of pregnandiol and the luteal 
rise in the temperature. 

levels drop rapidly and the temperature curve slides down to the preovula- 
tory level. 

In a small group of young women with regular menstrual cycles who were 
studied in the clinic, an attempt was made to correlate the temperature 
graph and the output of pregnandiol in the urine. In Figure 2 it can be 
seen that very small amounts of pregnandiol, probably extra-ovarian in 
origin, are recovered prior to the temperature rise. The first appreciable 
amount of pregnandiol appears after the rise has begun. The daily output 
increases, reaching its maximum about the middle of the luteal phase. 
There is no way of correlating o^allation, corpus luteum activity and preg- 
nandiol output more accurately, for there must be a lag between proges- 
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terone excretion by the corpus luteum and its metabolism and conversion 
into pregnandiol. 

If pregnancy occurs, the temperat\u*e fails to drop and continues at the 
postoAUilatorj’^ level throughout the continued active life of the corpus 
luteum. Furthermore, the posto^mlatory rise in temperature persists for 
approximately fourteen or fifteen days, regardless of the length of the 
cycle, since this is the approximate life of the corpus luteum as a secretorj^ 
gland. Lastly, during an ano^nilator}’- cycle there is no rise in temperature, 
and it remains at approximatelj’^ the same level until bleeding ensues. 

The second part of this presentation concerns itself vdth the artificial 
production of typical body basal temperature fluctuations by the adminis- 
tration of estrogens and progesterone,' in women vuth no ovarian acti\dt 3 ’^. 
Two groups of young women were selected: 1) four yo\mg women with 
primary amenorrhea who had been studied in our clinic for many months; 
and 2) four young women in whom it had been necessary to remove the 
ovaries, tubes and uterus because of disease of these pehdc organs. Basal 
temperature readings were charted over a four-month period, and their 
curves were t^Tiical, in that none exhibited any sustained rise and readings 
fluctuated from day to day as in the male. Pregnandiol determinations 
were made from 24-hour mine collections at periodic intervals, but little 
or no pregnandiol was present. It was therefore assumed that these young 
women had no ovarian acti^dt 3 ’• of their own. 

Ethinyl estradiol was administered orally to two patients in each group. 
They received 0.3 milligram dailj'^ throughout this first part of the experi- 
ment. About two weeks after the onset of therapy, 10 milligrams of proges- 
terone in oil was given intramuscularly dailj'^ for twelve to fifteen daj’^s, 
following which progesterone and estrogen were discontinued. The tem- 
perature graphs were similar in the four patients. Examples are shown in 
Figures 3 and 4. 

The estrogenic substance produced no change in the characteristics of 
the curve prior to medication. Within twenty-four hours after the patient 
received progesterone the temperature rose abruptly, perhaps more so 
than in the normal cycle. It remained elevated during the entire period in 
which the patient received progesterone. However, following the discon- 
tinuation of estrogens and progesterone the temperature dropped slowlj’’ to 
the general level existing during the estrogenic phase. The decline was very 
slow, lasting three to four daj-^s, which is much longer than in the natural 
cycle. In general, the curve of the recoverj'^ of pregnandiol from the urine 


' We wish to thank Dr. Edward Henderson and the Schering Corporation for liberal 
supplies of progesterone and estrogens used in this study. 
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in all of (hose patients followed the leinperalnre enrve, but the amount of 
pregnandiol recovered varied in each patient. 

It can be .said that the basal temperature curve of the artificial hormonal 
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Fig. 3. The' basal temperature graph of a patient witli primary ovarian failure. Note 
the irregularity of the curve prior to the oral administration of ethinjd estradiol. During 
the estrogenic phase the temperature remains low and fairlj'^ constant. Following the 
parenteral administration of progesterone the rise is rather abrupt but after the cessation 
of medication the decline is more gradual. The artificial hormonal cjmle thus induced 
simulates the natural ovarian cycle. The length of the estrogenic and progesterone phases 
can be varied at will. 


cycle induced in these patients with no ovarian function of their own re- 
sembled the natural cycle with two exceptions. The rise was more rapid 
and the decline was more prolonged in the artificial cycles than in most 
natural ones. The rapid rise may be due to the sudden intake of a consider- 
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able amount of progesterone whereas in the normal cycle the developing 
corpus luteum may liberate-progesterone more slowl3\ It may likewise vary 
with the rate and amount of secretor3’^ acti\’it5^ different indi^'iduals 
thereby altering the pattern of the luteal phase of the c3Tle. 

As a control for these observations one cubic centimeter of cottonseed oil 
was substituted for the 10 milUgrams of progesterone in one cubic centi- 
meter of oil. The rest of the experiment was not varied. There was no rise 
in basal temperature, and the pattern of the curve did not change. This 
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Fig. 4. The basal temperature graph of a 2S-j'ear-old patient who had undergone a 
surgical menopause. Note the low level of the curve prior to medication. The adminis- 
tration of estrogen did not alter this cuiwe. However, progesterone produced a prompt 
rise and this elevated temperature continued until the cessation of therapj'. 

removed the parenteral mode of administration of the progesterone as a 
factor in the elevation of the temperature above the estrogenic level (Fig. 
5). 

In three of the patients, pregneninolene was substituted for progesterone 
in oil; otherwise the experiment was not altered. Fift3'’ milligrams of Pra- 
none was administered b3’’ mouth dail3’^. The onl3’' change in the pattern of 
the artificial C3^cle was the slow rise of the basal temperature after the 
administration of pregneninolene oraU3’-, in comparison to the rapid rise 
following progesterone in oil (Fig. 6). 
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Fig. 5. In this graph an artificial liasal temperature cycle was induced by estrogen 
and progesterone. In a second cycle one cubic centimeter of cottonseed oil was substi- 
tuted for the progesterone. Note that no rise in temperature followed the substitution 
of the cottonseed oil, thereby eliminating the factor of parenteral administration -in the 
causation of temperature elevation. 
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Fig. 6. In this artificial basal temperature cycle pregneninolene, an active oral pro- 
gestin, was substituted for progesterone in oil. Note the gradual rise in the tempera- 
ture in contrast to the more abrupt rise following the administration of progesterone 
parenterally. This patient exhibited typical progesterone withdrawal bleeding. 
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In a previous observation meth 3 ’^ltestosterone was administered to 
jmung women with regular cj'^cles who complained of severe dj^smenorrhea. 
Basal temperature graphs have been kept bj' these women during the last 



Fig. /. The administration of methyltestosterone for the alleviation of dysmenorrhea 
does not produce an elevation of the temperature during the estrogenic phase. It often 
results in a prolongation of the cj'cle and suppression of ovulation. 

three j’^ears. Our routine is to prescribe 30 milligrams of meth 3 dtestosterone 
orall}^ each daj' beginning on day^ 7 of the cj^le and continuing for eight 
daj’^s, until a total of 240 milligrams has been given during the C 3 'cle. The 
subsequent menstrual period is dela 3 -ed considerabl 3 ' but it is likeh' to be 
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painless or associated with only inoderatc discoinfort. A'lany of the cycles 
are anovulatory in character. 'J’lie pattern of tlic basal temperature curve 
resembles that of the estrogenic jiha.sc. Tlic general level may be somewhat 
lower than in the natural c.ycle. A rise in the temperature may occur at the 
end of a prolonged cycle. It can be concluded that testosterone docs not 
produce a rise in body t.emperatairc (Fig. 7). 

The third part of this jn-csentation is a stud}' of ovarian function follow- 
ing the .surgical removal of the uterus. 'J'lierc arc ample clinical data to 
show that ovaries may continue to function normallj’^ for many years fol- 
lowing the careful surgical removal of the uterus in young women. How- 
ever, some doubt, has been cast on this supposition because, in many 
instances, .symptoms of the climacteric develop within one or two years 
following h 3 \st.erect.omy. It is ])o.ssiblc that this may be the result of the 
age of the individual and a lack of care in con.serving the ovarian blood 
supply. Furthermore, there is some expcrimctital evidence that the uterus 
is necessary for the normal metabolism of progesterone. Basal temperature 
studies provided a useful tool for obtaining new data concerning this prob- 
lem. 

In an attempt to study the OA'arian cycle in the absence of the uterus, 
the following experiment was carried out. Twelve women who had complete 
hysterectomies for a variet.j'’ of pathologic conditions, with the retention of 
one or both normal ovaries, started basal temperature graphs after they 
recovered following their surgical procedures. All had normal ovarian func- 
tion and typical temperature curves prior to their operations. Urinaiy 
pregnandiol was determined for a 24-hour period once a week. The pa- 
tients were followed for at least four months. 

Figure 8 depicts a portion of the temperature records kept b}’" four pa- 
tients following the removal of the uterus. The general pattern of the curve 
is typical of normal ovarian activity recurring at approximatelj'^ the same 
interval as the patient experienced when she was menstruating periodically 
prior to the removal of the uterus. The length of the temperature elevation 
was approximately fourteen or fifteen days, the average duration of corpus 
luteum activity. 

Progesterone metabolism, as measured bj?^ the urinar}'- output of preg- 
nandiol during a 24-hour period was not altered. Minute quantities were 
present during the low level of the temperature prior to ovulation. These 
small amounts are found in normal women during the estrogenic phase of 
the cycle and may represent adrenal activity. Considerable amounts, rang- 
ing from 5 to 17 milligrams in a 24-hour period, were recovered during the 
phases of elevated temperature. 

We concluded that follicles grow to maturity, rupture, and become func- 
tional corpora lutea which have a normal life cycle even in the absence of 
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Fig. 8. Natural ovarian cycle in 4 young women each of whom had a complete hj'ster- 
ectomy. The temperature graph indicates a normal estrogenic phase and a normal luteal 
phase. Pregnandiol in the urine (black columns) was absent during the estrogenic phase 
and present in normal amounts during the luteal phase indicated by the elevated tera- 
' perature. 
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the uterus. In tlie human the uterus i.s not. necessaiy for a normal hormonal 
cycle. These patients arc .still being followed to determine if hysterectomy 
performed with care to safeguard t.hc ovarian circulation interferes with 
the natural length of life of the ovaries. 

DISCUSSION 

The rise in basal body temperat ure during the luteal phase of the normal 
ovarian cycle is brought about by progesterone elaborated bj'’ the corpus 
luteum. The artificial reproduction of the normal hormonal cycle by the 
substitution of estrogens and progestins results in a temperature curve 
simulating that of the natural ovarian c3’’clc. Progesterone can be ident ified 
positively as the factor responsible for the rise and maintenance of the 
elevated temperature in the luteal phase of the cycle. 

An important consideration is the rclation.ship of temperature rise and 
ovulation. The actual rupture of the follicle is unlikely to contribute to the 
temperature rise, for it appears to be insufficient trauma to disturb the 
temperature curve. In all likelihood tlie rise is caused Iw progesterone. If 
so, then the rise follows the rupture of the follicle and is dependent on the 
luteinization of the follicle wall, unless luteinization and progesterone pro- 
duction begin prior to the release of the ovum. 

In the past we ha^'■o regarded the luteinization of the follicle as beginning 
after follicle rupture and proceeding rather slowly. However, in the light 
of the fact that pregnancies do follow coitus limited to the phase involving 
the rise of temperature, and the excellent observations of Greulich correlat- 
ing earty corpora lutea and temperature changes in the human, we may 
have to reconsider this idea. It is possible that luteinization actuall}’- begins 
during the final phase of rapid growth of the follicle involving, according to 
Corner, the last eight or ten hours preceding ovulation. This final spurt 
of growth in the follicle about to rupture could be associated Avith luteiniza- 
tion. 

Our concept concerning the theca interna cells has changed. Corner (8) 
from studies on the rhesus monkey and Greulich (6) from observations of 
early human corpora lutea concluded that the theca interna cells contribute 
significantly to the formation of the corpus luteum and that they continue 
to add to it throughout its functional life. These cells as well as the granu- 
losa cells probably produce progestin. It is entirely possible that the luteini- 
zation of the follicle may begin in these theca interna cells prior to follicle 
rupture and continue at a rapidly increased rate folloAving ovulation. If 
this were so it Avould be possible to account for ovulation taking place with 
the rise in temperature rather than at its lowest point prior to the rise. 
Such a concept would explain fertile matings during the rise in the tempera- 
ture curve. It would not be necessary to theorize an increased life span for 
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the Ob\’iously, many variations can occur in a physiologic process as 

carefullj’^ timed as the reproductive function. 

CONCLUSIONS 

Additional experimental e\’idence has been presented that progesterone 
is responsible for the rise in body basal temperature during the luteal phase 
of the normal ovarian cjmle in women. Ovulation in many, if not in most 
instances, occurs with the rise in the temperature rather than at its lowest 
point prior to the rise. It is probable that folUcle luteinization begins in the 
theca interna cells during the stage of rapid growth just prior to o^mlation 
and becomes accelerated with the rupture of the follicle. This explanation 
would account for the onset of the rise in body basal temperature prior to 
ovulation. 


REFERENCES 

1. Tompkins, P.: Use of basal temperature graphs in determining date of omlation-, 
J.A.M.A. 124: 69S-700 (March 11) 1944. 

2. D.^vis, jM. E.: The clinical use of oral basal temperatures, J.A.M.A. 130: 929-932 
(April 6) 1946. 

3. Kleitm.\n, N.: Basal temperature graphs and ovulation (Comment on Tompkins’ 
article). J.A.M.A. 125: 82 (J^Iay 6) 1944. 

4. P.A.LMER, R., and Devilleks, J.: Cycle ovarien et courbes thermiques. Utilisation 
pour le diagnostic de la date de l’o\'ulation, Compt. rend. Soc. franc, de gynec. 9: 60- 
69 (Feb.) 1939. 

5. Rubenstein, R. B.: Functional sterilitj" in women, Ohio Stale M. J. 35: 1066-1068 
(Oct.) 1939. 

6. Greulich. W. tv.; The reliabilitj' of “basal” body temperature changes as an index 
of ovulation in women, Trans. Am. Soc. for Study of Sterility 1946, pp. 76-97. 

7. H.^.rtman, C. G. : Studies on reproduction in the monkey and their bearing on gjme- 
cology and anthropology, Endocrinology 25: 670-682, 1939. 

8. Corner, G. tV.; Development, organization, and breakdown of corpus luteum in 
rhesus monkej', Carnegie Conlrib. Embryol. (Nos. 198-206) 31: 117-146. 1945. 
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INTRODUCTION 

T he biological assay for cslrogcns based on the vaginal response in 
ovariectomized rats was first standardized by Kahnt. and Doisy (1), 
This method has been used by many investigators for the estimation of 
estrogenic activity in \’arious biological fluids. However, biological assa)'’ 
has the disadvantage of being long, expensive and subject to variations 
inherent in animals. It. also nece.ssitates the maintenance of a large animal 
colony. 

Several investigators have propo.sed colorimetric chemical methods for 
estimating the estrogen content, of urine in order to avoid biological assa}-- 
(Kober (2), David (3), Talbot et al, (4), Szego and Samuels (5)). The 
urine of normal males and females contains such small concentrations of 
estrogens that the methods proposed usually lack sufficient sensitivity. 
This necessitates the use of large quantities of urine, so that nonspecific 
urinary chromogens interfere with accurate determination. 

During the past several years, fluorometric methods have been perfected 
to determine minute amounts of thiamine, riboflavin (6) and some of the 
antimalarial drugs (quinacrine, quinine and chloroquine) (7). In the isola- 
tion and purification of estrone, Marrian (8) pointed out that when con- 
centrated sulfuric acid is added to estrone, an orange color with greenish 
fluorescence is produced. Bierry and Gouzon (9, 10) attempted to use this 
fluorescent phenomenon for the qualitative detection of estriol in preg- 
nancy urine. Slight modification of this reaction forms a color which is the 
basis of some of the colorimetric niethods found in the literature (Kober 
(2)). While the present work was in progress, Finklestein, Hestrin and 
Koch (11) presented a quantitative fluorometric method for the estimation 
of crystalline estrone, estradiol and estriol. This method depends upon the 
formation of a fluorescent substance when phosphoric acid is added to diy 
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crystals of the estrogens. However, the sensitivity is still not great enough 
for its general application without the use of large quantities of urine. 
Furthermore, the method had not been adapted to biological fluids. 

A prehminary note on a fluorometric method for determining estradiol 
and estrone using the principle of Marrian has been presented (Jailer (12)). 
The great sensitivity of the method makes it possible to detect as httle as 
0.05 microgram of cr 3 'stalhne estrone. Data were offered to show its ap- 
plicability to urine. Bates and Cohen (13) presented a .somewhat similar 
method on pure crj'stalline natural estrogens, but gave no application of 
their method to the assaj' of biological fluids.- 

The purpose of this communication is threefold ; to present the anal^dical 
method in detail; to show e\ddence of its rehabihty and to present data on 
estrogen excretion in various normal and pathological conditions. 

METHODS AND MATERIALS 

Estrone, estradiol and estriol standards are dissolved in meth 3 d or eth 3 d^ 
alcohol in the concentration of 10 milhgrams per 100 miUihters. From these 
solutions, working standards containing 1.0 microgram per milhliter are 
made for estrone and estradiol and 4.0 micrograms per milhliter for estriol. 

All organic solvents are redistilled before use, and all solutions are stored 
in glass stoppered bottles. The glassware must be scrupulous^ clean. Dow- 
Corning stopcock grease is emplo 3 'ed. These precautions must be observed 
to prevent the appearance of nonspecific extraneous fluorescence. 

For maximum fluorescence of the standards, 8.0 ml. of 60-70 per c nt 
(b 3 ^ volume) sulfuric acid (MaUinckrodt, A. R., low nitrogen) are added to 
0.2-0.5 ml. of alcohol containing various amounts of estrogens. This is 
stirred well with a rod and placed in a boihng water bath for exactl 3 ’' 5 
minutes, cooled and the fluorescence read in a Coleman photofluorometer, 
Model #12. The B-2 and PC-9A filter combination is used. There is a 
quantitative relationship between steroid concentration and galvanometer 
reading (Fig. 1). For estrone and estradiol the range is between 0.05 and 
0.25 microgram; however, the fluorescence of estriol is about one-twentieth 
that of the former two. 

Several other steroids show this same reaction with sulfuric acid. j3-es- 
tradiol fluoresces to the same extent as a-estradiol. Testosterone, proges- 
terone and desoxycorticosterone fluoresce to a somewhat lesser degree. 
Cholesterol fluoresces ver 3 ’’ shghtH, 20 micrograms gi\’ing the same fluores- 


- Bates and Cohen (1948) have now ntilized this principle in the estimation of estro- 
gen in pregnant mare urine (personal communication). 

' Originally methyl alcohol was employed because of the greater solubility of the 
estrogens in it. However, it has been discovered recently that several batches of methyl 
alcohol, even after redistillation, contain substances which inhibit this fluorescence. No 
such phenomenon has occurred with redistilled ethjd alcohol. 
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cence as 0.05 inicrograiii of oslronc. The rcaelion has been performed with 
androstcronc, deh^ydroandrosterone and jjrcgnandiol in eoneentraiions as 
high as 200 mierograms with no phof.ohimineseenee. ddiesc steroids have 
also l)een added to aliquots of urine which were analyzed by the method 
dcs(!ribcd below. Even though tcsto.steronc anrl progesterone tlnorcsce, 

GAL. 



Fig. 1. Relationship between concentration of estrone and estradiol in mierograms 
and galvanometer readings (with B-2 and PC-9A filter combination). 

when added to urine and extracted as described below, they do not inter- 
fere with the determination of estrogens. When 80 mierograms of desoxy- 
corticosterone were added to urine there Avas some increase in the fluores- 
cence, amounting to but a fraction of a microgram (Table 1). 

Since the reaction with sulfuric acid is not completel}'^ specific, an extrac- 
tion method was employed which separates the estrogens from other 
hormones which may also fluoresce. Use was made of the fact that the 
estrogens are soluble in alkali as contrasted to the other steroids mentioned, 
which are not. The method is a modification of the pi'ocedure of Bachman 
and Petit (14). It is as follows: 

1. From 10 to 20 ml. of urine are hydrolyzed with 1 to 2 ml. of concentrated HOI, 
boiled for 7 to 10 minutes and cooled rapidly, (For pregnancy urine smaller aliquots 
are used.'' 
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2. Transfer to a separatorj* funnel and saturate with NaCl. 

3. Extract three times with benzene (A. R.; thiophene-free) using 25, 15 and 10 ml., 
respectively. (The interface gel should be saved as it contains some estrogen.) 


Table 1. Noxinterferexce of Other Added Steroids with 

THE FlUOROMETRIC hlETHOD 


Urine 

(number) 

Steroid 

Added 

Amount 

Galvanometer 

! Concentration 
of Estrogen 
in Aliquot 
(micrograms) 

(micro- 

grams) 

B-2- 

B-1 

j 

1 

None 

None 1 

36 

I 2S 

; 0.13 


Pregnandiol 

200 1 

40 

: 29 

1 

0.14 

2 

None 

None i 

21 

i 12 

0.07 

2 

Progesterone 

200 

23 

1 

0.07 

3 

; None i 

None i 

75 

1 35 

0.27 

3 

1 Androsterone 

i 

100 

73 

: 33 

t 

0.26 

3 

None 

None 

j 76 

j 35 

0.2S 

3 

Cholesterol 

200 

i 

j 35 

0.27 

4 

None 

None 

47 

17 

0.25 

4 

Desoxj’corticosterone 

acetate 

SO 

65 

22 

0.36 

5 

None 

None 

1 10 

' 4 

0.03 

5 

Testosterone 

SO 

1 10 

; 

! 3 

1 0.03 


4. The combined benzene fractions are washed with distilled water, twice with 9 per 
cent Na^GOs, and again with water using 15 ml. for each washing. (This extracts 
the estriol.) 

5. The benzene fraction is extracted four times with 2 normal NaOH using 20, 15, 10 
and 10 ml., respectivel}% 

6. The combined NaOH fractions are combined and acidified with 15 ml. of concen- 
trated HCl. 

7. Extract three times with benzene, 20, 15 and 15 ml. 

S. The combined benzene fractions are washed with water, Na-COs, and again with 
water, using 15 ml. for each washing. 

9. The benzene is freed of water, and evaporated to drjmess in a beaker. 

10. 1.0 ml. of alcohol is added to the beaker. 

11. A 0.7 ml. aliquot is transferred to a test tube and S.O ml. of 60 to 70 per cent H^04 
added and stirred well with a fluted stirring rod. The tube is placed in a boiling 
water bath for 5 minutes. 

12. Cool, transfer to cuvettes and read in photofluorometer. 

In all determinations, it has been found necessary* to run a reagent blank 

( lummy) consisting of 10 ml. of distilled water which is extracted in the 
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same manner. This is set at zero in the fliiorometer. Kceovcrics (0.2 micro- 
gram and 0.5 microgram of estrone or estradiol) from water and urine are 
also run. Tliese have been found to be fairly constant, ranging between 50 


Taui.k 2. Rkcovkuy ok Kxoavn Amouxt.s ok Estiu)m; a.vo JCstuadiol Wiikx Addkd 
TO l!]lTnKU WaTKU on UuIXK AN'D ExTIIACTKI) as DkSCIUIIKT) 


(Micrograms 

Added) 

Substance 

Performed 

ICstrogcn 

Total 

Estrogen 

Estrogen 

Recovered 

Per Cent 
Recover}’ 

Estrone 1 

1 

I 





0.2 1 

Wafer 

0 

0.1 0-l 

0.104 

52 

0.2 

Water 

0 

0.10 

0,10 

50 

0..O 

: Watci; 

0 1 

0..32 

0.32 

04 

0.5 

Water 

0 

0.2.8 

0.2,8 

50 

0.2 

Urine 

0.089 

0.179 

0.09 

45 

0.2 

Urine 

0.110 

0.220 

0.11 

55 

0.5 

Urine 

0.38 

0.00 

0.28 

50 

Estradiol 






0.2 - 

Water 

0 

0.10 

0.10 

50 

0.2 

Water 

0 

0.12 

0.12 

GO 

0.2 

Urine 

0.27 

0.38 

0.11 

55 

0.2 

Urine | 

0.20 

0..30 

0.10 

50 


and 60 per cent (Table 2). Standards of 0.2 microgram are .set up at Step 
lll'^and read against the absolute blank which consists of alcohol and sul- 
furic acid. 

It has been noted that the color of t.he fluorescence of ciystalline estrone 
and estradiol is yellowish green, whereas that of urinarj'- extracts maj'- show 
a whitish tinge as well. Therefore, an attempt was made to attain greater 
selecti\dty with various filter combinations. The maximum fluorescence 
with crystalline estrogens occurs with an exciting light of 435 millimicrons® 
(filter B-2). Changing the exciting wave length to 365 millimicrons (filter 
B-1) will decrease the galvanometer reading to practically zero (Table 3). 
However, the nonspecific fluorescence of the reagent blank is practically 
identical at the different wa^m lengths. It was also noted that the B-1 
reading of urines containing very small amounts of estrogen is a much 
higher percentage of the B-2 reading than normal urines. Urines containing 

^ If necessary the sensitivity can be increased sliglitlj'^ by using sulfuric acid of liigher 
concentration, e.g. 80 to 90 per cent. However, the concentration used should be well 
standardized. 

Since the B-1 filter contains a grid which allows 30 per cent transmission, a similar 
grid, of 8- inch wire mesh, has been interposed in the B-2 filter. All values mentioned 
have been with this grid. 
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high amounts of estrogen, e.g. pregnancj' urine or staUion urine, showed 
practically no fluorescence at 365 millimicrons. Thus, by reading the 
fluorescence of the urinary extract at the two wave lengths, one can deter- 
mine the amount of estrogen and nonspecific fluorescence. The formula 
adopted for the correction factor is similar to the one proposed by Stimmel 


(15):- 


Unknown Bj— Bi 


. B; is the galvanometer reading with the B-2 


Standard BjK(l — (B 1 B 2 ) 
filter; and Bi, the reading with the B-1 filter : K is the constant of the ratio 
of the value of the reagent blank with the two filter sj'stems. For these 
purposes it is unity. 

For the biological assay of the estrogenic content of urine, the same ex- 
traction procedure as described above was emploj^ed, except for the stal- 
lion urines, where ether was used as the organic solvent. Girard separation 
was performed to separate the extract into ketonic (estrone) and non- 
ketonic fractions (estradiol) in seven of the nine assays, and each assayed 
separately according to the method of Kahnt and Doisj^ (1). An aliquot 
was also saved and assayed for total estrogenic actmty. 

Twenty-four hour specimens were collected for the majority of cases; 
however, in some, accurately timed samples were analyzed. In mo.st cases, 
completeness of collection was checked by creatinine determinations. Since 
recoveries of added amounts of estrone and estradiol averaged 50 per cent, 
it was assumed that recovery of the endogenous estrogens was similar; 
consequently all values reported in this communication have been com- 
puted on that basis and are tndce the actual values obtained. This was not 
done when the chemical method was compared with biological assay; here 
it was assumed that the percentage recovery was identical in both. 

Duphcate analyses of different aliquots of the same urine specimens have 
been made, on the same day and on different days The error was within 
20 per cent. 

The length of time necessary for the completion of a biological assaj’’ for 
estrogens depends upon the number of test animals available, but at best 
it takes several days. With the fluorometric method, using small aliquots of 
urine it is possible to analyze as many as five urines, together ■ndth a reagent 
blank and a recovery experiment, in one day. 


RESULTS 

After performing recovery experiments with estrone and estradiol from 
water and urine, data were accumulated to ascertain the reliabilitj' of this 
method. 

1. The Urinary Estrogen Excretion in Norynal TFo??!e7z. The urinarj' ex- 
cretion of estrogens has been shown to be high in certain clinical conditions 
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TAJthK 5 


Oalvnnoincter Rciiding 




— 



Per Cent ' 

Substance 



R-2 

n-1 

Nonspecific 



•135 niilli- 

305 milli- 

Fluorescence 



microns 

microns 


Estrone 0.2 niicrograins 



80 

•1 

5 

Estradiol 0.2 niicrograins 



70 

5 

7 

Estriol 2.0 niicrograins 



'10 

2 

5 

Extract of urine from nornial female 

n) 

50 

35 

03 ■ 



1>) 

95 

50 

50 



c) 

87 

44 

51 

Extract of urine from normal male 

a) 

70 

29 

42 



h) 

78 

37 

48 



c) 

'10 

20 

50 

Extract of urine from woman in 9th month 

a) 

25 

0 

— 

of pregnancy 


b) 

54 

9 

17 



c) 

40 

0 


Extract of .stallion urine 


a) 

62 

2 

3.2 



b) 

82 

7 

S.5 



c) 

100 

12 

12 

Extract of urine from ease of craniopha- 





rjmgioma 

Extract of urine from woman 

past tlie 


40 

30 

75 

menopause 


10 

10 

75 

Extract of urine from woman 

jiast the 





menopause 

Extract of urine from woman 

past the 


10 

4 

40 

menopause: (estrone added) 



22 

4 

IS 

Reagent blank 


a) 

14 

11 

SO 


b) 

15 

13 

87 



c) 

14 

12 

SO 



d) 

14 

12 

so 

Nonpurified benzene 


a) 

32 

32 

100 


b) 

87 

94 

108 

Nonpurified ether 


a) 

b) 

25 

14 

21 

13 

84 

93 
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and low in others, consequently an attempt was made to estimate the 
urinary excretion of estrogens by the fluorometric method and compare the 
results obtained ndth those reported in the literature. 

The urine of two normal young women has been studied through three 
menstrual cycles bj*^ daily analyses for estrone and estradiol. The results 
are shorni in Figure 2. It can be seen that there is a peak excretion at mid- 
interval and another just preceding menses. This is in agreement ndth re- 
sults published by Gustavson et al. (16), Werner (17), Gallagher et al. (18) 
and others, as shown by bio-assay. These values were correlated ndth basal 
body temperatiue and it is shown that the mid-interval estrogen peak im- 
mediately precedes the rise in temperature. In one cycle, there was no 
abrupt rise in body temperature at mid-interval nor was there a sharp fall 
with menses; in this case there was no sharp peak of estrogen excretion as 
had been experienced during the preceding menstrual cycle (Fig. 2). In 
another menstrual cycle studied by daily urinarj’^ estrogen excretion, a 
“picket fence”-like graph was obtained, thus differing somewhat from the 
usual smooth graphs obtained by other investigators. 

2. Urinary Estrogen Excretion After the Administration of Estrogen. It 
has been demonstrated by several investigators that the parenteral or oral 
administration of estrogens results in an increased excretion of these ster- 
oids in the urine. As shown in Table 4, two milligrams of estradiol benzoate 
were administered intramuscularly on two successive days to one normal 
yoimg male (Case 1) and five milUgrams of estrone sulfate were given orallj’’ 
on two successive days to another (Case 2). In addition five milligrams of 
estradiol in oil were given in single injections to each of two women in the 
menopause (Cases 3 and 4). Twenty-four hour specimens of urine were 
analyzed prior, during and after the administration of the estrogens. There 
was an increase in the urinary excretion of estrogens comparable with the 
results obtained by previous workers (Pincus and Pearhnan (19) ; Heard 
and Hoffman (20)). The nonspecificity of the reaction suggested that the 
fluorometric method might determine degradation products of estrone and 
estradiol that are biologically inactive, consequently one of these urine speci- 
mens was analyzed by bio-assay as well. The results are compared in Table 
5 (d) and it may be seen that they are in remarkablj’^ good agreement. 

3. Comparison of the Fluorometric Method with Biological Assay. Urines 
from six patients were extracted according to the described method. Ali- 
quots were taken for chemical analysis and the remainder assaj’^ed accord- 
ing to the method of Kahnt and Doisy. The correlation appears to be 
reasonably good considering the degree of error inherent in the biological 
method, the incompleteness of the Girard separation and the loss of bio- 
logical acth-ity in that procedure (Table 5). 

The correlation between the bio-assay and the chemical method with 
the three samples of stallion urine was not as good as was the correlation in 
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Fig. 2. Daily urinary excretion of estrogen (estrone and estradiol) in two normal 
young women. Blackened area represents menstruation. The unbroken line is estrogen 
excretion and the broken line is basal body temperature. 
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Table 4. The Effect of Administered Estrogen on the Excretion 
OF Fluorescent Substances in the Urine 



Case 1 

(normal male) 

Case 2 

(normal male) 

Case 3 Case 4 

(Two women in the menopause) 

Day 

Estrogen 

adminis- 

tered 

intramus- 

cularh' 

Fluores- 
cent sub- 
stances in 
urine 
(micro- 
grams) 

Estrogen 

adminis- 

tered 

intramus- 

cularlj’ 

Fluores- 
cent sub- 
stances in 
urine 
(micro- 
grams) 

Estrogen 

1 adminis- 
tered 
intramus- 
I cularlv 

1 ' 1 

Fluorescent 
substances 
in urine 
(micrograms) 

1 


21.6 

1 


26.2 


27.5 26.9 

2 

Estradiol 

19.2 

Estrone 

SS.O 

1 

Estradiol 

196.3 129.5 


benzoate 


sulfate 


(5 mg.) 



(2 mg.) 


(5 mg.) 




3 

Estradiol 

46.7 

Estrone 

116.0 


62.2 47.1 


benzoate 


sulfate 





(2 mg.) 


(5 mg.) 




4 


52.0 


61.7 


41.4 29.0 

5 


70.3 


23.2 




urine from human beings. There are several reasons for this discrepancy. 
Benzene was used as the organic solvent for the chemical method and ether 
was employed lor extracting the estrogens for bio-assa}"".® The high concen- 
tration of estrogens in the extract necessitated great dilution of the final 
alcoholic extract in order to obtain a reading on the galvanometer scale. 
Thus, perhaps accuracy was impaired by the extreme dilution. These re- 
sults are presented in Table 5. 

4. Estrogen Excretion in Various Normal and Pathological States. The 
remainder of the data to be presented in this communication are concerned 
with the urinary excretion of total estrone and estradiol in various normal 
and pathological conditions. These are summarized in Table 6. 

Normal males excrete between 20 and 26 micrograms of estrone vdthin a 
24-hour period. These values, obtained by the fluorometric method, are 
somewhat higher than those found by biological assay although values of 
this magnitude have been obtained occasionally (Gallagher et al. (18)). 
Children of both sexes excrete but small amounts. Women in the meno- 
pause excrete about the same amounts as women with amenorrhea, or 

® r wish to thank Dr. Louis Levin for assaj-ing the stallion urines and placing the 
results at my disposal. 
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CoMl’AUlSON OF FlUOUOMKTUIO MkTHOI) WITH BlOHOOIOAH AssaY, 
AS PkUFOUMKI) llYTHI-; MkTHOI) of KaHNT ANM) Doisv 


Uniinry I^xcrction of lOstrocKMis 



Fluoro- 

metric 

Metiiod 



Urine 

from 

! 

1 Total 

Micro- 

grams 

j Micro- 
1 grams 

j R.U. 

Pa- 

tient 

A. 

23.1 I 


1 

i 

20 

B. 

12.-} ! 


20 

C. 

220.0 

i 12S 

490 

D. 

104.0 : 

111 1 

27S 

E. 

13G.0 1 

114 

400 

F. 

1S2.0 1 

1 

or, 

328 

Stal- 




lion 

' 7n(j, /liter ! 

mg. /liter 

R.U. /liter 

A. 

o 

o 

o 

20.1 

02 ,000 

B. 

12.24 ll 

IG.O 

40,000 

C. 

7.74 1 

(I 

11. OS 

20,S00 


liiological Assay 


Kctonic 

FracI ion 

Nonkctonic Fraction 

Micro- 

grams 

R.U. 

Micro- 

gram.s 

R.U. 

94 

91 

34 

280 

94 

94 

17 i 

Ml 

84 

84 

1 30 

2r)0 

82 

82 

13 

104 

mg. /liter 

i 

! 

R.U. /liter 

mg. /liter 

R.U. /liter 

2G.0 

20,000 

3.1 

20,000 

13.0 

13,000 

2.4 

20,000 

10.0 

10,000 

l.OS 

9,000 


normal women between peaks of excretion. Some of the older AAmmen, past 
the menopause, excrete much smaller amounts. One patient, aged 65, 
many years past the menopause, excreted no detectable estrogen. However, 
several women in this age group excreted as much as 20 to 30 micrograms 
per day. 

Gravid' women during the last trimester of pregnancy excrete large 
amounts of estrogen, as has been reported bj’- many investigators (Zondek 
(21a), Smith and Smith (22)). These values obtained by chemical methods 
are lower than those obtained by bio-assay for comparable periods of gesta- 
tion. It should be pointed out that estriol is not included in these results. 

The highest values attained were in stallion urine, as described by Zon- 
dek (21b) and by Levin (23). 

In only one case of gynecomastia was the estrogen excretion slightly 
elevated.- This occurred in a 38-year-old male with typical "Klinefelter- 
Reifenstein-Albright syndrome” (24). 

The urinary excretion was low in pituitary and adrenal hypofunction. It 
appeared normal in a young woman with Cushing’s syndrome; but was 
exceedingly high in two children with virilizing adrenal tumors. In one, the 
urinary excretion of estrogens, after removal of the tumor, fell from the 
preoperative level of 114 micrograms to 6.6 and 4.4 micrograms per day. 
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DISCUSSION 

A flxiorometric method for the clinical estimation of estrogens (estrone 
plus estradiol) in urine has been presented. It eliminates the use of the 
biological assay. The great sensitiA-ity of this fluorescent phenomenon 
makes it possible to assay urine containing physiological amoimts of hor- 
mone using but small and convenient samples of urine. In standard solu- 
tions the range of estrogen concentration which can be determined in the 
Coleman fluorometer is between 0.05 and 0.25 microgram of estrone and 
estradiol. However, being a fluorometric method, it is open to various dis- 
advantages of this general type of method. Cork and mbber stoppers must 
be avoided in order to prevent the appearance of extraneous fluorescence. 
New batches of reagents (especiall}’- meth 3 d alcohol and sulfuric acid) must 
be checked before use, as it has been found that occasionall 3 ' the 3 ' ma 3 ' con- 
tain substances which inhibit fluorescence. 

The lack of specificit 3 " is also a disadvantage. Other substances fluoresce 
but to a lesser degree. Finklestein et al. (11) and Bates and Cohen (13) 
have foimd that cholesterol does not fluoresce. It ma 3 ' very well be that' 
the minute amount of fluorescence obtained with cholesterol in this stud 3 ' 
was due to a contaminant. It appears that the propert 3 ’' of fluorescence de- 
pends upon the presence of an unsaturated bond in ring A. The substances 
which fluoresce, when treated with sulfuric acid, all seem to have this char- 
acteristic in common. Utilizing the difi'erential solubilit 3 ’' of the acidic 
estrogens in alkah, an attempt is made to exclude other steroids which 
ma 3 ^ be found in urine. Therefore, we are actuall 3 ' determining hpoid- 
soluble phenols which, on the addition of sulfuric acid, fluoresce at 435 
millimicrons and not at 365 millimicrons. 

The phosphoric acid method of Finklestein et al. (11) does not have the 
great sensiti\dt 3 ^ of the sulfuric acid procedure. These workers have pre- 
sented no data on the assa 3 ’' of urinar 3 ’- extracts. Bates and Cohen (13) 
have reported a similar method using 90 per cent sulfiuic acid. The high 
concentration of the acid when added to urinar 3 " extracts ma 3 ’- cause char- 
ring which colors the solution. The lack of sensitri’it 3 ' in their method ap- 
pears to be due to their use of a filter S 3 ’’stem which does not give maximum 
transmission of the exciting light. Bates and Cohen (personal communica- 
tion) have de^’ised a ver 3 ^ simple method for determining the amount of 
estrogen in the urine of pregnant mares, where the concentration of estro- 
gens is high. The procedure using 90 per cent sulfuric acid does increase 
the sensiti'\'it 3 ^ of estriol, so that with the proper filter S 3 ’'steni (B-2: PC 
9A) it is ten times more sensitive than with 60 per cent sulfuric acid (un- 
published data). Thus, with 90 per cent sulfuric acid, estriol has one-half 
the sensiti\’it 3 ' of estrone or estradiol. 

The data in this communication are presented with the \'iew of showing 
the reliabilit 3 ’ of the fluorometric method. It has been demonstrated that 
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TaiU.K (i. UuiNAltY Ektuockx Exnur.TIOX IN Vauiouk 
NoUMAI. AM) Pathoi.ogicai, Stati-s 


S(:i tus 

Num- 

lier 

Age 

(Years) 

Remarks 

{ Estrogen 

1 E.verction 

t 

1 Micrograms/24 

1 hours 

Males 

1 

32 

t 

Nonna! 

21 .5 


2 

31 

Normal 

25 2 


3 

37 

Normal 

25.0 

Children 

1 

10 

Urethral stricture 

5.5 


1 ‘) 

1 

5 

Cryptnrehism 

3.0 


I 3 

i) 

lilnnrcsis 

4.2 


! 4 

f 

t ^ 

i ' 

Hvdroeolo 

5.3 

Women during ivnd 

1 1 

1 r,., 

Irregular and scanty menses. . 

lO.G; 25.6; 23.4 

past the meno])an8c 

I 2 

' 50 

Irregular and scanty menses. . 

15.7; 13.7 


i 3 

j (iO 

4 ycar.s past tlie mcfio])ausc. . 

5.9 


1 

1 55 

7 years past the menopause. . 

0 

Gynecomastia 

1 

' 27 

No liver i)atliology 

24.0 


2 

' 54 1 

Carcinoma of breast 

17.3 


3 

i 38 

“Klinefelter” syndrome; 17- 





ketostcroids, 6.9; gonadotro- 





pins, 50 m.u,; small testes. . . 

32. S 

Hypopituitarism 

i 

1 

29 

1 Prcpubcral hypopituitarism . . 

9.3 

i 

2 

41 

Chromophobe adenoma 

14.7 


3 

41 

Early Simmonds’ disease. . . . 

9.1 


4 

40 

Simmonds’ disease 

0;0;2.0 

Adrenal disease 

1 

I 42 

Classical Addison’s disease, 





maintained on DCA 

9.6 


2 

27 

Cushing’s syndrome; adrenal 





hyperplasia 1 7-ketosteroids, 





23 and 17 mg 

19.0 


3 

7^ 

Virilizing tumor; 17-keto- 





steroids, 175 mg 

296.0 


4 

6 

Virilizing tumor; 17-keto- 





steroids, ISO mg 

114.0 




After removal of tumor 

6.6; 4.4 

“Primary OA^aTian 

1 

18 

Failure to grow; amenorrhea ; 


agenesis” 



minimal breast development; 





infantile uterus and genitalia 

5.S 
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Table 6 {conlinued) 


Status 

Num- 

ber 

j 

Age 

(Years) 

Remarks 

Estrogen 

Excretion 

^Iicrograms/24 

hours 


2 

17> 

Height 4' 10"; no breast de- 

1 

1 




velopment; amenorrhea; no 





pubic or axillary' hair; infan- 





tile uterus; receiving stilbes- | 

i 

1 




trol 

8.9 

Ovarian tumor 

1 

64 

j Mass in adnexa; vagina and 





' endometrium showed estro- 





genic stimulation 

20.6 




Given x-rav treatment 

4.8- 6.3 

Pregnant women 

1 

20 

8th month 

365.0 




After zinc dust hydrolysis of 



1 

1 

specimen 

549.2 


2 

25 

9th month 

592. S 


3 

30 i 

10th month, 2 days before 





deliverv 

1 1500.0 

Stallions 

1 


Normal 

12240 (micro- 





grams per liter) 


2 


Normal 

7740 


3 


Normal j 

10000 


the values obtained with this method are in the same order of magnitude 
as those reported in the literature in similar clinical conditions hy biologi- 
cal assay. The administration of exogenous estrogens results in an increase 
in fluorescent substances in urine. Finalij’’, satisfactory'^ correlation between 
biological assay and the fluorometric method has been obtained in urines 
from six human subjects. The concentration of estrogens was so high in the 
urines from three stallions that serial dilutions of the urine for chemical 
analyses was necessary. This may have impaired the accmacy of the fluoro- 
metric analysis. Further comparison showed much better correlation be- 
tween the two (unpubhshed data). This correlation is somewhat similar 
to that obtained between the capon test for androgen and the colorimetric 
method for 17-ketosteroids (Holtorff and Koch (25)). 

Great difflcultj' has been encountered in applying this method to the 
determination of estriol in urine. It appears that the urinary chromogens 
cannot be separated from the estriol fraction by differential solubility. 
Difficulties thus far unsolved have also been met in attempting to adapt 
this method to blood and tissue. Szego and Roberts (26) have shown that 
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the estrogens arc bound l,o ])roteins and ihat the usual protein precipitates 
do not free tlic estrogens fi'om the protein binding. Thus, hydrolysis and 
extraction wilJi organic solvents must l)c performed in the presence of 
proteins. However, work is iji progrc.ss |,o apply iTis mctliod to blood and 
tissue. 

It appears that the values for the urinary excretion of esirogens obtained 
by the fliioromctric method are somewhat higher than i.hosc reported in 
the literature with biological assay. It is especially so in urine from normal 
males and in urine from women in the menopause. This ma}’^ be because 
some unknown nonestrogenic .substances, in the acidic fraction, ma}-- fluor- 
esce similarly to estrone and estradiol. Another po.ssibilit 3 ^ is that the filter 
.system u.sed may not be oplimum, .so that some of the nonspecific fluore.s- 
cence is being recorded. The lal.tcr po.ssibility is being investigated with 
an interference selective filter (524 millimicrons) which is close to the wave 
length of maximum transmi.ssion of the fluorescent light (Bates, pei'sonal 
communication). 


CONCLUSIONS 

1. Sulfuric acid in 00 to 70 per cent concentration, when added to al- 
coholic solutions of estrone and estradiol in the presence of heat, results in 
the development of a fluorc.sceiit compound. 

2. A fliiorometric method for the determination of estrone and estradiol 
in urine is presented, making use of this phenomenon. 

3. Data in various normal and pathological conditions are made avail- 
able to .show the possible clinical application of the method. 
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EDAVIN J. KEPLER 
1894-1947 

Dr. E. J. Kepler was born in Erie, Pennsylvania, on January- 22, 1894. He received 
the B.S. degree from Pennsylvania State College in 1916. He was an army bacteriologist 
in the first AA’orld AA'ar and, after the war, attended the University of ^linnesota, where 
he received the M.D. degree in 1924 and where, also, he was admitted to the honorary 
medical society, Alpha Omega Alpha. For eighteen months he was an intern in Phila- 
delaphia General Hospital. Thereafter, until his death, he lived and worked in Rochester, 
r^Iinnesota, first as a Fellow of the !Mayo Foundation, then as a Consultant in ^ledicine 
at the Maj'O Clinic and as Professor of ^Medicine on the faculty of the Alayo Foundation, 
Graduate School, University of Minnesota. He was married to Dr. Helen A. Mackeen 
in 1921 and he is surr-ived 63 - her and their two daughters, !Mar 3 ' and Marcia. 

These ^■ital statistics are important, but ther- give no picture of Kep, as he was called 
br- his man 3 - friends. Kep had so man}- facets to his nature that he is difficult to describe. 
He was known on the Mississippi as an enthusiastic riverman — one who liked to pilot 
his boat through seldom used channels, who enjor-ed catching bass on flies and who was 
quite happ 3 ' with the compan}- of his famih' and friends. He was known at home as a 
famih- man who loved being at home. His friends think that !Mrs. Kepler must have 
despaired at times at keeping order with all of the photographic and sporting eqmpment 
with which Kep surrounded himself. He was known in the Ma 3’0 Clinic as the most 
brilliant man in his section. He was a conscientious clinician and would spend 303 * 
amount of time and effort in attempts, usually successful, to ferret out the diagnosis in 
difficult cases. Although his main interest was in metabolic diseases, his knowledge of 
general medicine was extremel 3 - wide. His contributions to clinical knowledge of diseases 
of the suprarenal glands were brilliant. It was in tliis field that he was best known b 3 -his 
friends outside Rochester. 

When what he could u-rite would serve a purpose, he wrote. He knew what he meant 
to Ea 3 - and his knowledge of English composition was such that he knew whether he had 
succeeded or failed in sa 3 'ing it. He did not release his material until it satisfied his 
knowledgeable standard. 

He was a member of the American Association for the Stud 3 - of Goiter (now the 
American Goiter Association), the Association for the Stud 3 ' of Internal Secretions, the 
Central Societ 3 - for Clinical Research, the American Diabetes A.ssociation. the Lauren- 
tian .Hormone Conference, the Central Interurban Clinical Club, and other organiza- 
tions. 

His death on October 19, 1947, from a coronar 3 - occlusion came as no surprise since 
his famil 3 -, his friends and he himself were well aware of his serious heart condition. He 
is missed b 3 - his famih-, his colleagues and his man 3 - friends who, nevertheless, can re- 
joice in the fine influence which he created and which will alwa 3 -s live. 

Edw.\p.d H. Ryxe-^rsok, M.D. 
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1. P.SKUDOOI.AXDUI.AU DlSTnuilAXCKS. 

Hugo R. Rony. Chicago, Illinois. 

In general, hormonal elTects depend on end-organ sonsitivene.‘is as well as on the 
amoujit of tlic /ictR'e liornionc. Norni.'d vari.'itions in skelct.'d growth, nnimmary dc^'clop- 
ment, amount of body hair, basal metabolic rate, etc., are probaldy due to variations in 
end-organ sensitiveness rather tlian to variations in the amount of liormoncs i)roduced 
by the glands. Abnormal levels of end-organ .sensitiveness maj' produce clinical pictures 
that closely imitate glandular disturbancc.s — unrcsponsivene.ss residting in jjseudo- 
glandular deficiency, hyperscnsitivene.ss resulting iji pscudoglandular h 3 -peractivity. 
Pscudoparathyroid deficiencj', in this .sen.se, has rocontlj' been described bj' Fuller Al- 
bright and his associates. 

In the present paper attention is called to other tv])cs of abnormal end-organ response 
and to ways a7id means to differentiate them from true glandular disturljances. Cases of 
abnormal end-org.an response are described that imitate thyroid, male and female 
gonadal, adrenal, insular and hj'pophj'seal deficiencj’’ and hyjjcractivitj'. The likelihood 
of such origin is suggested for certain other types of “glandular” anomalies. 

Recognition of the nature of these conditions is of considerable practical importance 
in that it maj^ enable us to avoid errors in interpretation and disappointments in 
glandular therap 3 ^ 

2. Syndrome of Cryptorchidism, Heart Disease and Nevoid Dermatosis. Report 
OP Two Cases. 

S. J. Glass. Department of Endocrinology, Cedars of Lebanon Hospital, Los 
Angeles, Calif. 

Two young adult, mentally alert males presented essentially the same multiple con- 
genital anomalies, characterized by: 

(1) unilateral cryptorchidism 

(2) heart disease, well compensated in both subjects 

(3) webbing of the neck and flaring of the ears 

(4) inferior musculature 

(5) hyperkeratotic-like dermatosis. 

After the cure of the cryptorchidism by organotherap}'^ in one subject and by surgery 
in the other, the sexual and skeletal growth continued uneventfully to relatively com- 
plete maturity. 
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3. COXSTITUTIOXAL PuECOCIOUS PUBERTY CONTROLLED BY AnDROGEN ThERAPY. 

S. Charles Freed and Minnie Goldberg. San Francisco, Calif. 

A girl of four and one-lialf years liad typical changes of precocious puberty. Investi- 
gations including laboratory determinations and x-rays seemed to indicate that the 
disorder was of the constitutional type. Ivlethyltestosterone b}' mouth was administered 
for over two years and was successful in preventing menstruation and in suppressing the 
breast development. Bone age studies showed that while growth was markedly acceler- 
ated, the epiphyses of the long bones were nevertheless sufficiently well open to dispel 
fears of closure before a desirable height is attained. We have concluded that androgen 
therapy was beneficial in checking the psychologically traumatic features of precocious 
puberty as well as combating the serious threat of dwarfed stature usualh' associated 
with this condition. 

■i. .A. Study of the Biologic-al AcrnuTY and the M.agnitude of Endogenous 

Androgen Production in .a C.ase of Adrenogenit.al Syndrome. 

Anne G. Carter and Ephriam Shorr. From The Russell Sage Institute of Pathology 
and the Department of Medicine, Cornell University Medical College and The 
New York Hospital, New York Citj'. 

Although it is generally appreciated that, in virilism resulting from adrenal tumors or 
hyperplasia, urinary 17-ketosteroid values prordde little information as to the amount or 
biological actir'ity of their adrenal precursors, it has been difficult to set up experimental 
conditions in man by which the extent of endogenous hormone production could be 
quantitated. .A case of virilism due to bilateral adrenal cortical hyperplasia in a 17-year- 
old girl provided conditions favorable for such an evaluation. 

To this end a variety of histological and metabolic indices were selected wliich are 
influenced in opposite fashion by androgens and estrogens. These included A-aginal 
smears, endometrial and skin biopsies, changes in the clitoris, breasts and rate of hair 
groAvth, urinarj' citric acid, calcium and creatine, and urinarj" hormone assaj’s. Estrogens 
were then given in ascending doses until the effects of the endogenous androgens were 
neutralized, as judged by these criteria. Complete neutralization required 400,000 RU 
(40 mg. ethinyl estradiol, orally) of estrogen daily. On the basis of preATOus experiments 
in this laboratory on the neutralizing ratios of estrogens and androgens, it was estimated 
that this amount of estrogen would neutralize 3300 mg. of testosterone propionate gh'en 
intramuscularlj’^. 

5. Pseudohermaphrodism: E.arly .and L.ate Recognition. 

jM. James Whitelaw. Southern Medical College, Dallas, Texas, and St. Alonica 
Hospital, Phoenix, Arizona. 

Two children under fii'e years of age are described showing the typical physical and 
chemical findings of male and female pseudohermaphrodites respectii-ely, which included 
an elevated 17-ketosteroid excretion. At operation a hyperplastic adrenal was remoi’ed - 
from each patient, following which their physical characteristics approached normal. 
Studies done on the total white count as well as the leucocArie-UTiiphocyte ratio preAnous 
to, and following operation showed no deA'iation from the normal. The third case is that 
of a 12-year-old dwarf female pseudohermaphrodite, who had been brought up as a boy. 
There was remarkable masculine physiognomy and physique. A 24-hour course of epi- 
nephrine was giA’en to determine its effect on 17-ketosteroid output. There was some 
CA’idence of an increase. .A plea is made for early recognition and surgical treatment of 
these cases. 
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Cl.IXICAI;, liABOUATOUV, Ol’KIlATIVi:, AND I’OSTMOIITKM OlISKHVATJONS IN Ixi'ANT.S 
AND Clin.DKKN WITH MHI/rn'HK (JDNfIKNITA I, ]MaI,I-011MATI0NS (TuIINHH's Syn- 


DHOMK, OVAUIAN AhKNHSIS AND RkHATKI) f%)M]lINA'I’ION.s). 

Frank L. Pkiclifo. From tiio laiulocrinc (’liiiir, Cliildroii's irospifal, Lok Angeles, 
Calif. 


A group of Jo infanls ami eliiidren wiMi wehhing of (he neck and other eongenital 
nialformaiions has heon under investigatifui. 'J'heir age ranges from (he newborn period 
to late childhood. The group includes eases of Turner's .syndrome, ovarian agene.sis or 
related complexes of multijile congenilal imdformations and developmental retardation. 
Two of the patients are hoys. 7’wo of (ho group have .also heen studied at autojisy. 

Several of the cases .show unusual clinical and laboratory manifestations not previ- 
oush' rejiorted in (he lilorature. The urinary tract has heen .studied hy j) 3 ’elogra])hy, at 
ojieration, or at autojisj’ in thirteen of the group, and eight ))aticnts show urinarj' mal- 
formations of various type.s. 


7. A SYNDno.'ui; Cu.uiACVKnr/j.D nv Ifvi'i;ucAJ.fM;.MiA, Cai.otno.si.s, and Rk.nai. In- 
SUITTCIK.NOY FOM.OWINO Pnol.ONCHD InTAKK OK CaI.CIHM A.ND Ai.KAIA. 

Charlc.s 11. Burnett, Boljcrt tt. Commons (i)v invitation). Fuller Albright, and 
John F. Howard, livans Memorial Hospital, Hejiartment of Medicine, Boston 
Univor.sit.v School of Medicine, Ma.ssachu.sctts General Ho,sj)ital, Department of 
i^Iedicine, Harvard Medical School, Bo.ston, and John.s Hoi)kins Ilo-spital and 
Uni vci'.si ty, B.a I ti m ore. 

Data from six adult imdc.s have been collected. Each gave a lii,stor3' of prolonged 
periods (two to twentj'-six j'car.s) of treatment for })oj)tic ulcer or d\’S])cp.sia with large 
quantities of milk and absorbable alkalis, Pruritis or a comj)lication of ])cptic ulcer were 
the usual reasons for ho.spitalization. At this time calcinosis, most frcquentlj’’ in the 
cornea or conjunctivac, was observed. Azotemia was a constant finding. Hypercalcemia 
without h3':j)oj)hosj)hatemia, and unaccompanied b)' h3'{)crcalcuria was demonstrated in 
five patients. Other less striking biochemical changes in the blood included moderatol3’' 
high serum carbon dioxide content and moderate loqjcrproteinemia without h3"per- 
globulinemia. Evidence of severe renal di.seaso Avas uniforml3' present; clearance measure- 
ments in three, demonstrated advanced insufRcienc3’- of all jmrtions of the nephron. Tavo 
patients died and on one an autoi).s3" AA-as performed. Normal parath3Toids and chronic 
pyelonephritis Avere demonstrated. In one of the four liAong patients parath3’'roid h3’^per- 
plasia was demonstrated at operation. In another a normal kidne3’’ biops3’- AA'as obtained 
tAvo years before renal failure occurred. Loav calcium, Ioav alkali regimens haA^e produced 
symptomatic improvement and decreased serum calcium, nonprotein nitrogen, and 
carbon dioxide content. 


8. Hypoparathyroidism, aahth Mental Troubles and Ectoderaial Disorders. 

Manuel VillaAmrde. Habana, Cuba. 

Idiopathic latent tetany is a rare condition. Nevertheless, the s3mdronie outlined in 
this paper is frequent (0.6% to 1% of the total consultations in the office). It is of 
hypoparath3a-oid nature, as proved b3’^ the clinical picture of latent tetany, the neiwous 
irritability, the results of blood chemistiy, the family endocrine background, and the 
impressh'^e improA'^ement of the patients during adequate therapy. These elements sus- 
tain the diagnosis of hypoparat]53u-oidism in patients suffering from mental troubles 
frequently accompanied by ectoderm.al disorders, namely, decalcified and abraded teeth, 
and early appearance of gray hair. The nervous symptoms range from a troublesome 
nervousness, which we may call cycloid or schizoid, to anxiet3q compulsiA^e neurosis. 



Jiihj, 19 is ABSTRACTS OF PAPERS OF THIRTIETH MEETING 


5S5 


mania, crises of vreeping, circular insanity, and sometimes schizophrenia. Patients may 
give a history of spasmophilia, cramps, or true tetanic crises. The gray hair, rrhich is not 
different from common gray hair, appears before the thirties. The teeth become sensitive, 
and show decalcification and abrasion of the free borders; minute fractures sharpen the 
teeth making them look like a saw, and their borders appears translucent and bluish. 
Sometimes crises of greater sensitivity may announce an increase of the destructive 
process, which can shorten the teeth to half or less of their former size. 

These three complaints — mental troubles, abraded teeth, and gray hair before the 
thirties — are the elements that constitute the syndrome, the study of which is to be 
encouraged because of its frequency, and the excellent results of therapy. Hr’perestro- 
genism is often the cause of the syndrome. There are some cases with predominant men- 
tal symptoms. 

9. Tre.\tmen'T of F.^r-Adv.\nced Ixoper.\ble C.^^rcixom.^ of the Bre.\st with 

Estrogens .\nd Androgens. 

Samuel G. Taylor, III, Danelj’ Slaughter, Frederick W. Preston. Cliicago, Illinois. 

Clinical results in the treatment of advanced inoperable carcinoma of the breast with 
various estrogens and androgens will be reported. The series includes 4-1 patients who 
were treated with estrogens and 30 patients treated with androgens over a two-j'ear 
period. 

The most favorable results with estrogen therapy were obtained in the older age 
group. Reduction in the primarj- tumor, in regional lymph gland metastases and in re- 
currences in the skin, with healing of ulceration occurred in some patients. However, 
there was occasional acceleration in tumor growth. In no patient given estrogen therapy 
were we able to demonstrate regression of osseous metastases, but in several patients 
there was no progression in these metastases during observation. 

Androgen therapy produced regression in soft tissue metastases in several patients; 
however, improvement in osseous lesions was more frequent. Severe masculinization 
commonlj' occurred and six patients developed congestive heart failure requiring omis- 
sion of androgen therapy. 

In one patient a large carcinomatous ulceration disappeared during estrogen therapy 
but recurred in nine months. This did not respond to estrogen therapy a second time 
but regressed during androgen therapy. 

A few patients were given desoxycorticosterone. No regression in the tumor was noted 
during this therapy. 

"We have not been able to predict whether estrogen will prove to be more efficacious 
than androgen therapy in any individual case. Estrogens are not ordinarily of value in 
the younger age group. 

10. Hormon.\e F.\ctors Involved in the Regul.vtion of B.^s.^l Body Temper.\ture 
During the Menstrd.\l Cycle .vnd Pregn.vncy. 

Charles L. Buxton and William B. Atkinson. Departments of Obstetrics and 
Gj-necology and of Anatomy, College of Physicians and Surgeons, Columbia Uni- 
versity, N. Y., and the Sloane Hospital for Women, N. Y. 

In order to ascertain the eause of the well known postovulatorj- rise in basal body 
temperature in normal cyclic women, six patients with amenorrhea and with little or no 
endometrial activity were given sequential therapy of estrogen followed by progesterone. 
The patients were followed by means of temperature charts and endometrial biopsy. 
The basal bodj’ temperature invariably rose significantly (three-fifths to one degree F.) 
during progesterone therapy. 
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The poslovulat.ory tcinj)craiurc rise was also mainiaiiicfl and menstruation post- 
poned ten to tliirty days in normal women by the administration of chorionic f<onado- 
tropin. However, chorionic Konadotroj)in administered (o a castrate following; estrogen 
priming did not result in any significant change in basal temijeraturn. It was assumed, 
therefore, that the maintenance of the postovulatory fenij)crature rise by chorionic 
gonadotropin was due to its luleotropic eflect and that her(! also progesterone [)roducod 
the tcm])crature rcsj)onse. 

In order to determine whether the rise were maintained throughout gestatif)n, three 
women (one through two pregnancies) kei)t lcmj)eraturc charts until delivery. One other 
is now in the si.xth month. 'Fhe temperature fell to its ])reovidatory level uniformly be- 
tween the fourth and fifth month in all cases. This is in sj)ite oi the commotdy supposed 
steady rise in ))rogesterone activity as determined by pregnandiol e.xcrction. Some con- 
jecture, but no final explanation is offered for this interesting j)hcnomenon. 


11 . 


The ErrECTs or Ceut.vi.n* Stehoid.s — Lnth.v.muscue.vu .\.\n SunM.vfiu.vi, — o.\ the 
B. vs.u. Body Te.mi’KH.atuhe ok TitE Anui/r Hu.m.an' M.un;. 


Robert M. Perlman. San Francisco, Calif. 

Fifteen adult human males, cxhilnting different degrees of ))rostatism and/or the 
male climacteric rcceiA-cd various do.so.s of androgens, estrins, and jwogestins, intra- 
muscularly and sublingually, during a period of ten months. Relative effects on the 
earliest waking rectal temperature — or basal body temijerature (B.B.T.) — were noted. 

The average B.B.T. of males restored to well being with androgens was stabilized 
usually in the range of 9S° F±0.2° F. Massive dosage enhanced this effect. In several 
therapj^’-resistant cases, placation was obtained with extraordinary i.m. testosterone 
proi)ionate doses of 150-200 mg. three times wcekl}'. 

In five cases, due to prohibitiA'c costs of massive androgen therapy, estrins were sub- 
stituted. A single dose of 2. 5-5.0 mg. of equine estrogenic substances ameliorated symp- 
toms of prostatism and, following an initial temperature lag of one to two days, depressed 
and maintained the B.B.T. at approximatclj' 97“° F to 97“° F for one to four weeks. 
Penile erections were sui)j}ressed. No breast changes were observed grossly during three 
to four months. 

Progesterone, 10-50 mg. i.m., produced B.B.T. elevations ranging from 0.1° F to 
2.0° F. “Linguets” of anhj’^drohydroxj'progesterone acted similarlj'-; hoxvevcr, doses 10-30 
times greater, mg. for mg., were required to produce equal effects. Sensitivity to pro- 
gestin fluctuated markedly from individual to individual. In the same individual, gradu- 
ated doses initiated thermal elevations directly proportional to the size of the dose. Saturation 
doses gave temperature levels of OS'*” F to 99° F. Thermal rises persisted, in most cases, 
five to seven days, declining progressively, dipping, and returning to approximate start- 
ing points. Administration of progestin residted in intense recrudescence of proslatic and/or 
climacteric symptomatology. 


2 :00 p.M. Red Lacquer Room 

12. A Simplified Hypophysectomized Rat Adpenal Ascorbic Acid Bioassay 
Method for Adrenocorticotropin (ACTH) : Specificity and Application to 
Preparative Problems. 

Paul L. Munson, Alfred G. Barry, Jr. (by invitation), and F. C. Koch. From the 
Pituitary Research Section, Biochemical Research Department, Armour and 
Company, Chicago. 

The method of Sayers, Sayers, and Woodbury {Endocrinology, in press) for bioassay 
of adrenocorticotropin (ACTH) in the 24-hour-liypophysectomized rat involves com- 
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parison of the control ascorbic acid concentration determined in one adrenal removed 
just prior to intravenous administration of hormone with that of the second adrenal re- 
moved one hour later. The decrease is proportional to the amount and potency of the 
preparation administered. In the present modification, both adrenals are removed one 
hour after injection and analyzed together. This and other simplifications result in a 
sa^'ing of over half the assay labor without sacrifice of accuracy and have permitted ap- 
plication of the method to over SOOO animals. Using 20 to 30 rats for controls, Armour 
ACTH Standard and “unknown,” the potency of the latter can be estimated with a 
standard error of 20 to 30 per cent. 

The assay method has aided in the preparation of gonadotropic, lactogenic, thjTO- 
tropic, and growth hormone preparations essentially free from ACTH, incidentally 
providing evidence that these hormones do not interfere in the assay. 

The recoverj' of the ACTH potency of a pituitary preparation in its sub-fractions, 
and the variations found following differing treatments to reduce ox}'tocic activitj' illus- 
trate the usefulness of the method in ACTH preparative problems. 

13. Content of Adhenocorticotropic Hormone (ACTH) in the R.\t PiTurr.^RT 

UNDER OpTIM.\L .\ND STRESSFUL EnWIRONMENT.^L CONDITIONS. 

George Sayers, Marshal Kerkin (by invitation) and J. N. Tortoreto (b}' in\'ita- 
tion). From the Department of Pharmacology, University of Utah School of 
^ledicine. Salt Lake City, Utah. 

A method has been developed for the quantitative determination of the ACTH con- 
tent of rat pituitaries. Lj'ophilized anterior pituitarj- tissue is extracted with 0.01 N 
sodium hj'droxide in 0.9 per cent sodium chloride. The extracts are assayed for ACTH 
by the adrenal-ascorbic acid depletion method. Each pituitar 3 - (drj- weight equal to one 
milligram) from rats kept under optimal emdronmental conditions has a biological ac- 
tivity approximately equivalent to 0.1 milligram of highlv purified preparation of porcine 
ACTH (62 AA). 

Pituitaries from animals injected with histamine (10 milligrams per 100 grams of 
body weight) and sacrificed at the end of one hour have a biological activity equivalent 
to 0.07 +0.01 milligram of 62AA. 

The adrenals of these histamine-injected animals show a depletion of ascorbic acid 
which can be'produced by the administration of 0.05 milligram of ACTH (62AA). Thus 
the amount of ACTH released, as measured bj" the effect on adrenal ascorbic acid is 
largely accounted for by the loss of tropic acti\'it}' from the pituitary tissue. 

These data indicate that sufficiently large quantities of ACTH are stored in the pitui- 
tarj' to take care of the immediate requirements of the animal during the response to 
acute stress. Further work is in progress to determine the rate of elaboration and S 3 -n- 
thesis of this tropic hormone bj" the pituitarj' under a number of other experimental con- 
ditions. 

14. The Activ.wion of the Adren.\l Cortex by Insulin Hypogltcemi.\. 

H. Gershberg (bj- invitation) and C. N. H. Long. Department of Phj'siological 
Chemistrj^, Yale University, New Haven, Conn. 

Cannon, Mclver and Bliss have shown that insulin h\"pogl 3 'cemia causes activation 
of the autonomic nervous sj'stem and release of epinephrine. Since it has recenth" been 
shown that epinephrine also brings about release of the adrenotropic hormone of the 
pituitarj- and activation of the adrenal cortex, experiments have been carried out to 
test the hj'pothesis that the phj'siological counteractityty to insulin hj'poglyccmia is a 
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coiisoqucnco of tlic coniljiiuMl /iction of l)oM) conipfuioiR.s of Oio fiflrftri/il ghtiid llaiH iverc 
injected will) 1 unit of insulin i)er kilo of body weight Jind (lie iulrciml a.scorliic ucid find 
blood glucose were deterniined I hour later. It wjis found (Iiat if tiic iiiood glucose foil 
below -10 lug. per cent, there also occurred a hirge decrejiso in jidrcnal ascorbic acid, an 
cfTect which is now known to be due to the release of adrenotrojiic hormone. 

However, if glucose is given along with the instdin to prevent a fall in the blood 
glucose, then no loss of fidremd ascorbic acid was observed. 'I’hat it is not the level of 
blood glucose itself but the release of ejnnephrine that determines the activity of the 
pituitary is shown by the fact that the administr.'ition of glucose does not prevent the 
activation of the pituitfiiy in such situations ;is exposure to cold or tniuma, where the 
release of epinephrine is due to eau.se other than hypoglycemia. 

15. or AnKNo’ruoeie IIouAto.vi: o.v Sodii'm J'lxf.'uirrjo.v i.v IIyroi'irT.sncTo- 

MizKi) R.vrs. 

Betty L. Bubin and Bidjih I. Dorfm.'in. I'rom the Dejifirtmcnls of Biochemistry 
and I^Icdicine, Western Reserve University School of Medicine and Lakeside 
Hos[)itfd, Olcveland (i, Ohio. 

The influence of adrenotropie hormone on sodium excretion in hyjiophysectomizcd 
male rsits has been studied using a method jneviously described (Dorfman, Potts, and 
Foil; Einfocrinologn 41: 4G4, 1947). This method cmjiloys riuliosodium and has been 
shown to detect fis little as one microgram of deso.vycorticosteronc. 

Two preparations of adrojiotropic hormone have been u.scd. A liighl}' purified prepn- 
ration, kindlj' supplied by Dr. C. IT. Li, produced statistically significant increases in 
sodium excretion during a six-hour lest period. Under similar conditions a crude prepa- 
ration, kindly supplied by Dr. D. A. JklcGinty, gave less consistent results, but sodium 
retention was indicated. The significance of the.so findings will be discu.ssed. 

IG. Factors Init/Uknci.no tuk Couticotuoiux Puoductiox ok thk Axtkuiou Pitui- 

TARV. 

Hans Selyc. From the Institut de IMedecine et do Chirurgic e.xperimentales, Uni- 
versite de ilfontrcal, Montreal, Canada. 

Earlier experiments lead us to believe that under the influence of nonspecific stress 
(e.g., cold, infections, intoxications, nervous stimuli), corticotropin production by the 
pituitary is increased and this secondarilj" causes an excessive production of corticoids 
(to raise the resistance against nonspecific stress) as part of the "General-Adaptation- 
Syndrome.” Sometimes, sucli prolonged stress also leads to h 3 qiertension and nephro- 
sclerosis especiallj’’ in animals sensitized by unilateral nephrectoni}’’ and diets rich in 
sodium and protein. It was striking, however, tliat while anterior-pituitaiy preparations 
or sjmthetic corticoids (e.g., desoxj'^corticosterone acetate) regularly cause nejihro- 
sclerosis and hypertension in animals so sensitized, stress (e.g., cold) did so only in a 
comparatively small percentage of cases. In clinical medicine stress appears to be a factor 
in the production of nephrosclerosis and hypertension, j^et, usuall}’- in patients exposed 
to the continuous stress of wasting diseases, hypertension does not ensue and the adrenal 
cortex is not always unusually large. 

Recent e.xperiments in the rat have thrown some light upon these questions; they 
indicate that in the rat, stress (e.g., cold) causes marked adrenal cortical enlargement 
only when the protein intake is high (30% casein diets) and not when it is comparatively 
low (15% casein diets). A synthetic diet containing protein hydrolysates or essential 
amino-acids (in a quantity equivalent in nitrogen to a 30% casein diet) permits the 
same stress-hypertrophy of the adrenal as the high-protein diet. Apparently, amino-acids 
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are necessary for the normal corticotropin production during stress. It must be pointed 
out that high-protein diets in themselves did not cause adrenal enlargement, nephro- 
sclerosis and hj^pertension under our experimental conditions so that apparently both 
protein catabolism and stress are necessarj' in order to insure optimal corticotropin 
production. In rats in which sudden protein catabolism is elicited bj' stan-ation, thyroxin., 
cold and other stresses, the adrenal cortex undergoes marked enlargement, especially if 
the animals were previously kept on high-protein diets and thus allowed to store protein. 
Conversely, after prolonged feeding on low-protein diets the adrenal response to stress is 
slight. 

These observations suggest that in clinical medicine, hj-pertrophy of the adrenal and 
the subsequent development of “diseases of adaptation” due to corticoid intoxication 
may likewise depend upon simultaneous changes in protein metabolism induced bj" the 
stress. 

17. The Use of Adrexocorticotropin* .vs .v Test of Adrex.vl Cortic.vl Reserve. 
George IV. Thom, Peter H. Forsham (bj- invitation), Lillian Recant (bj' invita- 
tion), and A. Gorman Hills (by invitation). Department of iMedicine, Harvard 
'Medical School, and the Ivledical Clinic, Peter Bent Brigham Hospital, Boston. 

In man ACTH has been shown to be capable of stimulating the secretion of all known 
types of physiologically active adrenal cortical steroids. In a large group of normal sub- 
jects and patients without evidence of adrenal cortical insufficiency a fall in circulating 
eosinophils and a rise in urinary uric acid/creatinine ratio (the change exceeding 50 per 
cent in both instances) was observed following a single dose of 25 mg. of ACTH injected 
intramuscular!}'. Thirty-five patients with classical Addison’s disease showed a small or 
insignificant fall in circulating eosinophils (mean value 6 per cent) and a rise in urinaiy' 
uric acid/creatinine ratio (mean value 24 per cent). There was no overlap between the 
control group and the Addisonian group with respect to the changes in circulating eosino- 
phils. There was some overlap between the maximal increase in uric acid/creatinine ratio 
observ'ed in the less severe Addisonian patients and the poorest response of apparently 
non-Addisonian patients. A group of patients, complaining of weakness, fatigue, and 
hypotension without other evidences of adrenal cortical insufficiency and with evident 
psychological and emotional disturbances, showed an excellent response to the ACTH 
test dose. Hence primar}' adrenal cortical insufficiency could be readily excluded in this 
group by a relatively simple test which required only four to six hours for completion. 
Eight patients with evidence of anterior pituitary deficiency failed to show an entirely 
normal response to a single test dose of ACTH but did show some response to a forty- 
eight hour period of continuous administration, i.e. 10 mg. every six hours. 

Patients with Cushing’s disease revealed an extremely low initial level of circulating 
eosinophils (2 to 20 cells per cu. mm.) in contrast to normal subjects (100 to 300 cells per 
cu. mm.). The initial fasting urinaiy- uric acid/creatinine ratio was similar to the values 
obtained in normals following ACTH administration. 

IS. OnsERV.vTioxs ox THE Pituit.vrt-Adrex.vl Respoxse Followixg Epixephrixe 

IXFUSIOX IX IM.VX. 

Lillian Recant (by invitation), Peter H. Forsham (by invitation), and George tV. 

Thom. Department of ^Medicine, Harvard Medical School, and the Medical Clinic, 

Peter Bent Brigham Hospital, Boston. 

Long and his co-workers have demonstrated the response of the adrenal cortex to the 
administration of epinephrine to rats with an intact anterior pituitary. In previous 



slmlios the nutliors liavo donionslnitcd (liai .a suddoii inoroaso in 1 1-l 7-:idrcn;d oxy- 
aloroids is fnllowad Iiy a rapid fall in circnlafiiif; ff)siiiophils in l)ofIi man and rats under 
control conditions. 

Eini)loyin}z; the fall in circulalinf!; eosinophils as an index of adrenal slcroid response, 
normal suhjocts, ])atienls ■with Addison’s disease, .and ])alienfs with pituitary insufli- 
cioncy have been invesliKaled followiii}' the intravenous .admiiustration of I..') nif,'. of 
oi)inci)hrine hydrochloride in 200 cc. of saline over a one-hour jieriod. Normal sid)jects 
and iiatients without evidence of .adremd or pituitary insufliciency show .a maximal drop 
in eosinoiihils of 70 to SO iier cent in four hours .and a maximal lymphocyte fall of 30 per 
cent in two hoiirs. Patients with pituitary insuniciency sln»w practically no change in 
circulating eosino])hils. Patients with Addison’s disease show .a flefinite but variable 
rcsjionse which correlates approximately with the severity of the .Addison’s disease 
clinically. These studies suggest that iu man the socretif)n of pituitary ACTII is stimu- 
lated by c]:)inephrine and that it. is possible by this tecdini'pie to differentiate between 
primary adrenal and intuitary-adrenal insufliciency. Studies in rats contirm these ob- 
servations. 

19. F.vn: .\N'n Minwnoi.ic Ac'i'io.n or iN'ru.wiixoiTsi.Y .\i)MiMs'n:ui:i) Adhunocortico- 
Tuoric ITormo.n'i: (.ACTH). 

Thomas W. Burns (by invitatif)n), George Sn\*ers, Frank II. Tyler (by invitation), 
B. V. .lager (by invitation), T. B. Schwartz (by invitation), Emil L. Smith (by 
invitation) and L. T. Samuels. From the Departments of Pharmacology, ^ledi- 
cine and Biochemistry, University of Utah School of Medicine, Salt Lake City, 
Utah. 

A normal male subject was infused with 200 ml. of O.So per cent sodium chloride con- 
taining 240 mg. of A.C.T.II. (Armour’s 37-KE, containing 0.00.5 units of ])rcssor activity 
per mg.) over a jjeriod of 50 minutes. Except for a mild chill which lasted 25 minutes no 
untoward reactions occurred. Blood pressure remained within normal limits except for a 
slight rise during the course of the chill. At the end of the infusion the plasma level of 
A.C.T.H. (as bioassayed by the adrenal-ascorbic acid depiction metliod) was approxi- 
mately 3000 micrograms per 100 ml. plasma; within the first hour after infusion the level 
had dropped to 200 micrograms i)er 100 ml., and at the end of 5 hours was about 25 
micrograms per 100 ml. There was no detectable activity in the plasma at the end of 24 
hours. Less than 200 micrograms was excreted in the urine during this 24-hour period. 

Following hormone administration, urinary 17-ketosteroids and ncutral-lipide reduc- 
ing substances (Heard, Sobel and Venning) were elevated. A transitory mild elevation in 
the fasting blood glucose occurred. A diabetic type of response was obtained from a meal 
ingested 6 hours after hormone administration. The level of serum phosphate fell, sug- 
gesting glycogen storage. These changes occurred concomitantly with an increase in 
urinary nitrogen excretion. The serum uric acid level remained unchanged while uric 
acid excretion was increased. There was a slight but apparently significant increase in 
the creatinine clearance. Circulating eosinophiles and lymphocytes were greatly reduced 
in number. No changes took place in plasma albumin and gamma globulins as de- 
termined by salt fractionation and electrophoretic methods. Anti-streptolysin “0” and 
anti-typhoid antibodies failed to rise. Certain serum peptidases were elevated. Blood pH, 
serially determined, reached a maximum level of 7.60. All of the above metabolic changes 
reached a maximum and had returned to normal within the first 12 hours after A.C.T.H. 
administration. 
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20. ^Ietabolic Ch.\nges FoLLo-mNG THE Admintstr.\tiox of Pituit.\ry Adreno- 
corticotropic Hormone (A.C.T.H.) to Normal Humans. 

H. T. McAlpine (by invitation), E. H. Venning, L. Johnson (by invitation), Y. 
Scbenkcr (by invitation), M. M. Hoffman and J. S. L. Browne. ^IcGill University 
Clinic, Royal Victoria Hospital, Montreal, Quebec. 

^Massive doses (240 to 420 mg.)* of adrenocorticotropic hormone (Armour) were 
given to two normal males and one normal female in divided doses over a twent 3 '-four 
hour period. The subjects were maintained on a constant diet for a control period and 
throughout the experiment. Following the administration of the hormone there was a 
decreased urinarj' excretion of sodium and chloride and an increased excretion of potas- 
sium, uric acid and nitrogen. This was followed bj’ a sodium and chloride diuresis and a 
decreased excretion of potassium. In addition, following the A.C.T.H. administration 
there was a striking urinarj’ excretion of glucose, varying from 12 to 30 grams. In spite 
of this gh’cosuria there was a marked reduction in the urine volume (in one case to 600 
cc. per dajO- There was also a moderate elevation of the blood sugar. The slight increase 
in nitrogen excretion was insufficient to account for the amount of glucose excreted. The 
signiffcance of these findings with regard to the pituitarj'-adenal relationship will be 
discussed. 


21. The Effect of Adrenocorticotropin on Antibody Levels in Normal Human 

Subjects. 

P. H. Herbert and J. A. de Vries (introduced by J. S. L. Browne). !McGill Uni- 
versitj' Clinic, Roj^al Victoria Hospital and Department of Bacteriologj' and Im- 
munologj', jMcGill Universitj', ^Montreal. 

Subjects were immunized with a commercial preparation of staphjdococcal toxoid 
and later received corticotropin. Before the experiments were initiated the anti-hemolj'sin 
titres were allowed to fall well below the maximum pre^iouslj' attained. Figures for 
antibodj' levels before and after injecting the hormone are presented, together with total, 
eosinophil and differential leucocjde counts and plasma protein and hematocrit values. 

The quantities of hormone injected ranged from 40 to 420 mg. (equivalent to 2S to 
210 mg. of the Armour standard preparation LA-l-A) the smaller amounts being given in 
a single injection and the larger in a series of injections over periods varjdng from one 
hour to twentj'-four hours. 

In no subject was there a significant rise in antibodj' level after giving corticotropin 
even though the larger doses were sufficient to cause a great increase in the excretion of 
urinarj'^ corticoids. In all subjects there was a fall in the Ij'mphocj'te count, the least 
being 25% and the greatest 68% of the initial control value. These Ij'mphocj'te counts 
returned quicklj' to normal and the extent of the fall was not related to the amount of 
hormone given. The eosinophil counts fell more quicklj' than the Ij'mphocj'te counts and 
the decrease was greater with the larger amounts of hormone. In experiments in which 
injections were continued for the longer periods these cells almost disappeared from the 
blood. A fall in hematocrit of 10—17% suggested an increase of blood volume but the 
plasma proteins in most cases tended to maintain the initial levels. 


* These amounts are equivalent to 120 to 210 mg. of the Armour standard prepara- 
tion LA-l-A. 
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A C'oMi'.viu.'^oN orriiH I'A’I’kct 
{,'i.sM OP Cu.sniN(;'s Sy.vduomk 


ON Honk FoitMATtoN op riii; IfvpKUADaKNonouTi- 
wiTii That Indkckd hy AnnKNoconTicoTuopic 


IIouMONP. (A.C.T.IL).* 

Frederic C, B.-irUer, Anne P. Forbes and Fuller Alhri^hf.. Mnssacliu.sotts General 
Hospital, Boston, Mass. 


One of the cardinal features of Cbishin.a’s .s 3 ’ndroine is ostoopf)rosiH. Bj- definition, 
osteoporosis is that form of demineralization which is flue to decreased formation of bone 
matrix In' osteoblasts. The .serum alkaline phosphatase, an index of osteoblastic activitj', 
is low. It is thus a disorder of protein metabolism, not of calcium metabolism. However, 
one cannot deposit calcium without matrix. It follows that the development of osteo- 
porosis will be accom])anicd In* an increased excretion of c.alcium if bone destruction re- 
mains constant. 

The data to be pre.scntcd arc taken from mclabtflic balance studies on patients with 
panln’popituitarism, acromei'alj’, osteitis deformans, and ovari.'in a"enesis. The ad- 
ministration of A.C.T.H. produced a marked increase in urinaiw calcium excretion in all 
patients, save two who received stilbestrol throutjhout the stud.v. In the three patients 
in whom the .serum iihosphatasc was initial!}' elevated, A.C.T.H. produced a fall; in 
two of these the hj'percalcuria was accentuated. 

Thc.se studios support the hj’pothe.sis that A.C.T.H. causes elaboration of an adrenal 
cortical hormone which inhibits the imofhiction of bone matrix bj' osteoblasts. 


23. AdHKNAI- CoUTICAI, UNKK.St’O.N.sn'KNK.SS IN Patiknt.s with Ga.stuic Canckr. 

Edward C. Rcifcnstcin, Jr., N. F. Young, Aurelia Potor, Benedict Duff}’ and F. 

Homburger. Department of Clinical Inve.stigation of the Sloan-ICettering Institute, 

Memorial Cancer Center, New York. 

Persons with normally responsive adrenal cortices respond to the injection of anterior 
intuitary adrenocorticotropic hormone with a fail in the blood eosinophil level and a rise 
in the urinary uric acid/crcatinine nitio. In contrast, the majority of jiatients with gastric 
cancer respond to injection of this hormone preparation only with the fall in the eosino- 
phil level. Studies are in j)rogre.ss to determine the nature of the lack of response to 
pituitary tropic hormone stimulation of the adrenal cortical mechanism for regulating 
the uric acid/creatinine ratio in iiatients with gastric cancer. 

Previous studies have shown that the administration of adrenal cortical extract is 
necessary to induce normal liver glycogen deposition in patients with gastric cancer. The 
effect of the administration of adrenocorticotropic hormone on liver glycogen deposition 
in patients with gastric neoplasms is being studied to see whether in patients with this 
disease the adrenal cortical mechanism involved in glycogen deposition is also unre- 
sponsive to pituitary tropic hormone stimulation. 

It remains to be determined whether the adrenal cortex does not respond to pituitary 
tropic hormone stimulation because it is less sensitive or because it is functioning to the 
limit of its capacity. 

24. The Excretion of Adrenal Metabolites in Human Urine. 

Konrad Dobriner, Seymour Lieberman and C. P. Rhoads. Sloan-Kettering Insti- 
tute for Cancer Research, New York. 

Androsterone and 11-hydroxy androsterone have been recognized as normal constit- 
uents in the urine of males and females. In the course of hydrolysis 11/3-hydroxy andros- 


* The A.C.T.H. was furnished by Dr. John Mote of the Armour Laboratories and by 
Dr. Choh Hao Li of the University of California, 
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CAUBOHYDBATE METABOLISM (cont.) 

glucose administered to patients with 

Cushing’s, Simmonds’ and Addison’s 
disease; variation in white blood cells 
folloOTng, 1074* 

glucose tolerance tests; see Blood, 

sugar 

glucose; work performance of ad- ■ 

renalectomized rats given continuous 
intravenous infusions of, COSf 

glycogen in human endometrium, 

during menstrual cycle and in gyne- 
cologic disorders associated with hy-- 
pothyroidism, 315* 

glycogen storage disease predomi- 
nantly involving the heart ; histochem- 
ical phosphatase studies, 633 
glycogenic corticoids; excretion of, fol- 
lowing administration of ACTH, in 
normal human subjects, 605t 

glycosuria following administration 

of adrenocorticotropin to normal 
human subjects, 591t 
glycosuria; pitfall in diagnosis of di- 
abetes, 62 It 

hyperglycemia: see Blood, sugar; Di- 
abetes mellitus; Insulin 
hypoglycemia: see Blood, sugar; Di- 
abetes mellitus; Insulin 

insulin tolerance tests; see Insulin 

renal glycosuria associated with 

pentosuria, 630 

sucrose, metabolism, of, 633 

sugar tolerance tests: see Blood sugar 

CARCINOMA: see under organ involved 
CASTRATION: see Climacteric; ^lenstrua- 
tion; Ovary; Testis 
CELLS: see also organ involved 

an alpha-cell hormone of the islets 

of Langerhans, 809 

basophilic, of anterior pituitary in 

Cushing’s syndrome; Crooke’s changes 
in, 499* (see also Cushing's syndrome) 
cytological coefficient used in deter- 
mination of TSH in human blood, 956* 
in interstitial tissue of human her- 
maphrodite; innervation, 271* 

■ Langhans; human placental, grown in 

tissue culture; production of gonado- 
tropin by, 175* 

Leydig; extreme hyperplasia of, in 

man, 390* (see also Testis) 

smears: oral, see“^Iouth 

urethral, see Urethra 

m-inaiy sediment, see Urine 

vaginal, see Vagina 

CHEMISTRY: see Methods; Tests; and un- 
der specific substances 
CHILDREN : see also Dwarfism; Growth; 
Infants; Puberty, precocious; and under 
various endocrine glands 


CHILDREN (cont.) 

adrenal tumors in. 111* 

child with follicular ovarian cyst; 

accelerated growth; urinary estrogens 
in, 497 

constitutional precocious puberty in 

the female and its control by andro- 
gens, lOSl* 

hypertension in children caused by 

pheochromocytoma, 802 
hyperthj'roidism in childhood; treat- 
ment with thiouracil, 801 

normal boys; urethral smear in, 967* 

multiple congenital malformations in; 

clinical and laboratory study, 5S4t 

oral mucosa in male aged 7 with 

pseudohermaphrodism, 146* 

symptoms suggesting Cushing’s syn- 
drome in. 111* 

treatment of diabetic acidosis in, 808 

urinary estrogens in, 564* 

CHLORIDE METABOLISM: see also Elec- 
trolyte metabolism; Sodium; and under 
various endocrine disorders 

balance studies in diabetic acidosis, 

894 

increased urinary excretion following 

administration of ACTH, 15* 

metabolism in anore.xia nervosa and 

in prolonged fasting, 209* 

metabolism in Cushing’s syndrome, 

499* 

sodium and chloride balance; study 

of, by new colorim'etric method for 
determination of sodium, 620 f 
CHOLERA : effect of androgens in uremia due 
to, 851* 

CHOLESTEROL: see also Steroids 

in blood: see Blood 

in urine; effect of ACTH on, in a 

woman, 1* 

CHOLINESTER.ASE: see Enz3'me3 
CHORIONIC GONADOTROPIN: see 
Gonadotropins; Pregnancy; Uterus 
CHROM.ATOGRAPHY: see also Methods 

paper partition; application of, to 

ketosteroids, 618t 

CHROMOPHOBE ADENOMA: see Pitui- 
tarj' 

CIBA AWARD; see Association, awards 
CIRCUL.-VTION: see Blood; Vascular sys- 
tem 

CLIMACTERIC: see also Androgens: Estro- 
gens: Menstruation; Ovarj'; Testis; 
Uterus 

IX THE FEM.4.LE 

— artificial; effect of new synthetic 
estrogen (meprane) in, 807 
effect of various estrogenic prep- 
arations on vaginal mucosa in, 012t 
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CLIMACTERIC (coni.) 

IN TllK I'KMAI.K (coni.) 

mc»oi)iuisal syiniilonis rclicveci by 

ethinyl cslnuliol, 1088* 

mcnopiiusnl syiulromc; hormonal 

pellets in management, of, GMf 
menopausal uterine bleeding; ra- 
dium and roentgen therapy, 807 
menopause; incidenee of hyperten- 
sion in, 408 

menopause; pregnancy after, 101 

menopause; preliminary evalua- 
tion of dioncstrol in, 892 

menopause; urinary excretion of 

estrogens in, 5G4* 

of 17-kctosteroids in, 61 7 1 

menopause, with and without 

glossodynia; comparison of oral and 
vaginal smears in, 14G* 

postmenopausal women treated 

for uterine and breast carcinoma; 
efTect of dl-alpha-tocoj)herol on 
progesterone metabolism in, 982* 

vaginal smear in; agreement with 

clinical diagnosis and endometrial 
biopsy, 1012 

IN Tiiii male: see also Testis, disorders 

effect of certain steroids on basal 

body temperature in, 58Gt 
COLORIMETRIC: see Methods 
COMMITTEES of the Association; mem- 
bers of, for 1948-49, 1008 
CONGENITAL^ ANOMALIES: see also 
under various endocrine glands 

multiple; clinical and laboratory 

study of, in children, 584 1 

Avebbed neck and cubitus A'algus in 

Turner’s syndrome, 397*, 993* 
CORPUS LUTEUM :see Ovary, Progesterone 
CORTICOIDS, CORTICOSTEROIDS, 
CORTIN : see Adrenals; Steroids 
COUNCIL of the Association 

members of, for 1947-48: sec general 

information page, front ad section, 
January- May issues 

members of, for 1948-49; see 1008 and 

general information page, front ad 
section, June-December issues 
COZYMASE: see Enzymes 
CRANIOPHARYNGIOMA: see also Pitui- 
tary, disorders 

results of surgery in, 890 

CREATINE-CREATININE METABO- 
LISM; see also Nitrogen; Protein; and 
under various endocrine glands 

in acromegaly and gigantism; study 

of growth; effect of androgen, 1013* 

in Cushing’s syndrome, 499* 

urinary excretion in starvation, 133* 

CRETINISM: see Thyroid disorders, hypo- 
thyroidism 


CROOIvl'j’iS CHANGES: sec Cells; Cush- 
ing’s syndrome; Piluitarv 

CRYPTOHCIIIDISM: .sr/ Testis: ller- 
maj)hrndism 

CUBITUS VALGUS, in Turner’s svndrome, 
397*, 993* 

CUSHING’S SVNDROME; .sec also Ad- 
renal disorders; Pituitary disorders 
associated with adrenal cortical tu- 
mor; metabolic studies in, before and 
after removal of tumor; autopsy, 499* 

circulating cosinophilcs and urinary 

uric acid/creatinine ratio in, 5891 

Crooke’s changes in basophilic colls 

of pituitary (color plate), 499* 

depression of lymphocjie count in, 

after orally administered glucose, 021 f 

hormonal manifestations of. 111* 

hyperadrenocorticism of, compared 

with that induced by ACTH; cfTcct on 
bone formation, 592 f 

urinary excretion of adrenal cortical 

hormone in, 244* 

urinary excretion of estrogens in, 

5G4* 

urinary excretion of gonadotropin 

(prolan) in, 499* 

CVTOLOGICAL 

coeHicients, in determination of TSH 

in human blood, 95G* 

cycle of urinary sediment and its 

parallelism with the vaginal cycle, 
7G* 

EATH: sec also under specific diseases 

certification of, in 1000 diabetic 

patients, G31 

probably due to potassium deficiency, 

following control of diabetic coma, 
C58* 

DEHYDROISOANDROSTERONE: see 

also Adrenals; Testis; Steroids 

estimation of in human urine; value 

in diagnosis of adrenal tumors, 61 7 f 

DESOXYCORTICOSTERONE; see Ad- 
renals, preparations and compounds 

DEXTROSE TOLERANCE; see Blood, 
sugar; Carbohydrate metabolism; Di- 
abetes mellitus 

DIABETES INSIPIDUS; see Pituitary, dis- 
orders 

DIABETES MELLITUS: see also Blood, 
sugar; Carbohj'drate metabolism; In- 
sulin 

acidosis; management of, 658* 

acidosis; metabolic studies in; effect 

of administration of sodium phos- 
phate, 894 

acidosis; treatment of, in children, 

808 

alloxan diabetic rabbits; alteration in 
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DIABETES MELLITUS (cont.) 

plasma protein and relation to ocular 
damage, G31 

alloxan; effects on human pancreas, 

630 

blood sugar in: fee Blood, sugar 

death; certification of in 1000 di- 
abetic patients, 631 

death, probably due to potassium de- 
ficiency, following control of diabetic 
coma, G5S* 

depression of lymphocyte count 

after orally administered glucose, 621 f 

diabetics and nondiabetics; variation 

in white blood cells, following oral ad- 
ministration of glucose to, 1074* 

effect of alpha-tocopherol (vitamin 

E) in, 8S3* 

effects of pituitary growth and ad- 
renocorticotropic hormones on urinary 
glucose and nitrogen in, in rats, SOO 
electrolyte balance studies in uncon- 
trolled and controlled state, 622 f 

glucose tolerance tests; see Blood, 

sugar 

pitfalls in diagnosis of, 621 f 

relation between infant birthweight 

and subsequent development of ma- 
ternal diabetes, 380*, oOSf 

renal glvcosurla with pentosuria in, 

630 

sugar tolerance tests; methods and 

evaluation, 629; see also Blood, sugar 

urinary excretion of 17-ketosteroids 

in, 617t 

COMPLICATION'S AND SEQUELAE 

— — ameliorated bv Addison’s disease, 
687* 

associated with hyperthyroidism 

in a dwarf surviving from preinsulin 
era; similarity to juvenile diabetes 
in response to insulin, 332* 

associated with toxic goiter; im- 
provement with control of thyro- 
toxicosis, 866* 

encephalopathy associated with 

convulsive state in, 808 
fetal gigantism; relation to inci- 
dence of maternal diabetes, 380* 

followed bj' Addison’s disease and 

hj’pothyroidism; simulating pan- 
hypopituitarism; autopsy, 687* 

incidence of cancer in, 809 

insulin-sensitive type, associated 

with Addison’s disease; use of glo- 
bin insulin in, 325* 

posthvpoglycemic encephalopathy, 

630 

severity of; effects of inflammation 

' on, 632 

DIENESTROL: see Estrogens 


DIET: see also Anorexia nervosa; Nutrition; 
Obesity; Vitamins 

in prolonged treatment of obesity, 

624 1 

of Japanese prison camp; effect on 

prisoners, 227*, 810, 811 
DIETHYLSTILBESTROL: see Estrogens 
DIIODOTYROSINE: see also ThxToid 

derivatives; antagonism to thjToxin, 

597t 

DOSIMETRIC and protective considera- 
tions for radioactive iodine, 721* 
DOVES and pigeons; endocrines and con- 
stitution in (book review), 100 
DWARFISM: see also Growth; Ovary, 
Pituitary 

associated with diabetes mellitus and 

hyperthyroidism in a patient sun-iv- 
ing from preinsulin era, 332* 

in Turner’s syndrome, 397*, 993* 

panhypopituitaiy type, 345* 

DYSMENORRHEA: see Menstruation 

■pDITOR, LETTERS TO: see Association, 
letters 

EDITORIAL Board and Managing Editor of 
the Journal 

— for 1947-48: see general information 
page, front ad section, Jan.— Maj' issues 

1948-49: see general information 

page, front ad section, June-Dee. is- 
sues and frontispiece to annual table 
of contents in Dec. issue 
ELECTROCONVULSIVE THERAPY: see 
Brain 

ELECTROENCEPHALOGRAM: see Brain 
ELECTROLYTE METABOLISM: see also 
Blood; Urine; and under specific chem- 
ical elements 

effect of ACTH on, 1*, 15* 

balance studies in uncontrolled and 

controlled diabetic state, 622 f 

in -Addison’s disease; effect of adrenal 

cortical compounds on during high 
sodium chloride intake, 6081 

in Cushing’s syndrome, before and 

after removal of malignant adrenal 
cortical tumor, 499* 

in serum and body fluids; changes in 

anorexia nervosa and in prolonged 
fasting, 209* 

in serum, during intoxication with 

vitamin D, 895* 

EMOTION.AL F-ACTOR in calcium and 
phosphorus metabolism in pregnanev. 
101 

ENCEPHALOGR-AM: see Brain 
ENDOCRINE: see also .Androgens; Estro- 
gens; Gonadotropins; Progesterone; 
Steroids; and under various endocrine 
glands 
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ENDOCRINE (cont.) 

and iioiu'iulocriiK'. disoasi's; adrenal 

aortical honnono excrolion in, 2M* 

clinical evaluation of urinary 17- 

ketostoroids in, i)v i ai)i<I met hod, 
Gl7t 

cndocrines and constitution in doves 

and j)ip;cons (hook review), 100 

glands; role of, in body temperature 

regulation, 0221 

literature, current; abstracts of: xvc 

Abstracts 

reviews: foreword to, ISO 

— on ethinyl estradiol, 108S* 

— on stcroi<l nomenclature, 100* 
ENDOMETRIUM and ENDOMETRI- 
OSIS: .see Menstruation; Uterus 

ENERGY metabolism; .sec Rasal Metab- 
olism 

ENZYMES 

cholinesterase, nonsiiecilic; studies 

on, in sernm of human female, COO* 

cozymase in hepatic inactivation of 

alpha-estradiol, 002 f 

esterases, nonspecific; elTeet of estro- 
gens on, in woman, GOG* 

phosphatase, alkaline, in human 

endometrium, during menstrual cycle 
and in gynecologic disorders associ- 
ated with hypothyroidism. 111")* 

phosphatase, alkaline, in serum, in 

gigantism and acromegaly, 595 f 

phosphatase; histochcmical studies of, 

in glycogen storage disease, G.‘I3 

phosphatase in scrum in acromegaly 

and gigantism; relation to growth; 

. effect of androgen thcrajiy on, 1013* 

pitocinase in plasma in to.xemia of 

pregnancy; evaluation of, S94 

possible enzyme sj-^stem involved in 

iodination of protein in tissues, 911*, 
934* 

EOSINOPHILES: see Blood, cells 
EPILEPSY: see Brain 

EPINEPHRINE: see Adrenal, preparations 
and compounds 
EPIPHYSES: see Bones 
EPITHELIUM: see Cells; and organ in- 
volved 

ERRATUM, 813 
ESTERASE: see Enzymes 
ESTRADIOL, ESTRIOL: see Estrogens 
ESTROGENS; see also Climacteric; Gonado- 
tropins; Hermaphrodism; Hormones; 
Menstruation; Ovary; Pregnancy; Pro- 
gesterone; Puberty, precocious; Steroids 
alpha-estradiol: mechanism of in- 
activation of "invitro” by rat liver, 60 If 

alpha-estradiol; cozymase in hepatic 

inactivation of, 602 f 

and bone growth; sexually mature 


ESTUOGENS (coni.) 

women with myxedema and delayed 
closure of eiiijihyses, 482* 

chronological relationship of action 

of, to action of progesterone, in experi- 
mental menstruation, GMt 

estrogen-induced growth in female 

genital tract; intm-ference with, by 
folic acid antagonist, t)02t 
estrogen dericimicy slates; compari- 
son of vaginal and oral smears in, 
IIG* 

(‘Strogenic activity of immature testes 

in male ])seudohermaphrodism, 367* 

jrynecomastia in men:.vrr Breasts 

• hyperestrogenism treated with lacto- 
genic hormone, Gl.'lf 

in human placental cells grown in 

tissue culture, 175* 

relation of, to fhioresr-eni jihenomena 

of vulva, GO.'if 

role of, in body temperature regula- 
tion in female rat, 622t 

steroid nomenclature of, 190* 

r.rn'.oT.s .vsn TiiKu.veY: see also Progester- 
one 

combined with androgens in freaf- 

inenl of acromegaly and gigantism; 
effect on serum piiospiiorus, J013* 

comparative effects of synthetic 

estrogens on postpartum breast, 
SSO* 

comparison of effects of various es- 
trogens on vaginal mucosa in Jiypo- 
ovarianism, 61 2 f 

comparison of oral and intramus- 
cular methods of administration in 
women past the menopause, 61 2 1 

dienestrol; jireliminary evaluation 

of, in treatment of menopause, 892 
dietbj’lstilbestrol; effects in threat- 
ened abortion, 615t 

dieth 3 dstilbestrol; effects on basal 

body temperature in amenorrhea, 
544*, 585 1 

diethylstilbestrol; tolerance of, in 

pregnant women, 805 

effect in premenstrual tension, 

menstrual anomalies, chronic cystic 
mastitis and cancer of the breast. 

Gist 

effect of, in alteration of human 

ovarian cycle, 453* 

effect of intramuscular and sub- 
lingual administration on basal 
body temperature of human male 
with prostatism and/or the climac- 
teric, 58Gt 

effect on blood pressure of normal 

and hypertensive rats, 81 1 

effect on nonspecific esterases of 

serum in women, 666* 
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ESTROGENS (cont.) 

KFFi:CTS AND THBIIAI'Y (cont.) 

cfTccl on urinnry smear same ns 

(lint on vaginal smear, 70* 

effect on vaginal and on oral mucosa 

in postmenopausal women, 140* 

estradiol monobenzoate crystals by 

injection, in treatment of ovarian 
deficiency; advantages of, 97* 

cstrololactonc; effect of, on pros- 
tate and seminal vesicles in cas- 
trated rats, 275* 

estrone, precipitate of, used in sin- 
gle injection treatment of amen- 
orrhea, 400* 

estrone sulfate; effect of, in Turner’s 

syndrome, 993* 

estrone sulfate (premarinj; effect 

on basal body temperature in amen- 
orrhea, 544*, 585 1 

ethinyl estradiol; an endocrine 

review, 1088* 

ethinyl estradiol; effect on basal 

body temperature in primary amen- 
orrhea, 550* 

ethinyl estradiol: use of, in sup- 
pression of lactation, 875* 

hcxestrol, triphenylchlorocthylene 

and propylthiouracil; lipogenic ac- 
tivity of, in chickens, 623t 

in treatment of amenorrhea in 

j'oung women, 892 (see also Men- 
struation) 

in treatment of hypogenitalism: see 

Hermaphrodism, Ovary 
in treatment of inoperable car- 
cinoma of the breast, 585 1 

in treatment of menopause: see 

Climacteric 

in treatment of menstrual disor- 
ders: see Menstruation 
in treatment of osteoporosis; met- 
abolic effects of, 497 
new synthetic (meprane); prelim- 
inary clinical report on, 807 
pellets, in management of meno- 
pausal syndrome, 6I4f 
purpura follou-ing estrogen ther- 
apy; relationship to endogenous es- 
trogens, 629 

stilbestrol; effect of on formed ele- 
ments of the blood in women, 101 
stilbestrol; effect of therapy' on ur- 
inary “estroids” and 17-ketoste- 
roids, 295* 

stilbestrol; hypersensitivity to, 629 

stilbestrol in single large dose or 

continuously; affect on human ova- 
rian cycle, 453* 

synthetic, mixed; use in meno- 


ESTROGENS (cont.) 
metadolism: see also Progesterone 

IN' SERL'-U 

determination of, in pregnancy, 

175* 

IN' URINE 

chromatographic distribution 

studios in human male, 67* 

effect of conjugation on rate and 

extent of elimination, 67* 

effect of pituitary ACTH on, in 

woman, 1* 

estrogen: androgen ratio, 295* 

“estroids”; analogies with 17- 

ketostcroids, as determined mi- 
crochemically', 295* 

“estroids” in, throughout men- 
strual cycle; and following admin- 
istration of stilbestrol in female 
pseudoherraaphrodism and in 
prostatic carcinoma, 295* 

fluorometric method for deter- 
mination of, 564*, 619t 

following single doses of, to men 

with and without liver damage, 
67* 

follotving use of estrogenic cream, 

304 

greatly increased in child with 

follicular cyst of ovao’, 497 

in anorexia nervosa, 209* 

in gy'necomastia, due to malnu- 
trition in the male, 811 
in premenstrual tension, men- 
strual anomalies, chronic cy'stic 
mastitis and cancer of breast, 613t 
in study' of comparison of vari- 
ous estrogens and their methods 
of administration, 67* 

in various normal and patholog- 
ic states, as determined by' the 
fluorometric method, 564* 

increased in Cushing’s sy'ndrome 

499* 

of stallion, 601 1 

technical problems in microde- 
termination of estrone, 295* 
ESTRONE: see Estrogens 
ETHINYL ESTRADIOL: see also Estrogens 

endocrine review, 1088* 

EUNUCHISM and EUNUCHOIDISM: see 
Androgens: Testis. 

EWE, estrual cy'cle of, 61 1 f 
EXOPHTHAL.AIIC GOITER: see ThyToid, 
disorders 

EXOPHTHALMOS: see Eyes; Thyroid, 
disorders 

EYES: see afso Thy'roid, disorders 

effect of methylthiouracil therapy' 
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EYES (coni.) 

intraoculnr trnnsplnnts of ondo- 

mctriuin in study of exporimonijd 
monstruiiiion, OM f 

ocular damafnc in alloxan diahotic 

rabbits; relation to alterations in 
plasma i^rotein, 031 

ocular manifestations in intoxication 

with vitamin D, SOo* 

pAMILIAL INCIDENCE, of female 
pseudohermaplirodism and adrenal hy- 
pertrophy, 102 

relation iietween infant birthweighl. 

and subsequent. development of 
maternal diabetes mellitus, 3S0*, oOSt 
FAT: .see nlso Nutrition; Obesity; and as- 
sociated with various endocrine diseases 

’ fat. and jjrotcin metabolism; influence 

of growth hormone on, during fasting, 
.591 1 

fecal excretion of; effect of 1 l-d<.hy- 

drocorticosteronc on, 000 f 

lipogcnic activity of projiylthiouracil, 

triphenylehloroethylene and hexes- 
trol, in chickens, 02.3 f 
FELLOWSHIPS: see wards 
FEMALE: .see Breasts: Climacteric; Iler- 
maphrodism; Estrogens; Gonadotro- 
pins; Ovary; Pregnancy; Progesterone; 
Sex; Uterus; Vagina; Vulva. 
FERTILITY: see Sterility 
FETUS: sec also Infants; Pregnancy 

age at onset of mongolism, SIO 

ago at onset of thj'roid function, as 

studied bj' radioactive iodine, 717* 

effect on, of administration of prop 3 'l- 

thiouracil to mother, 8GG* 

effect on, of radioactive iodine ther- 
apy in mother, 717* 

relation of fetal gigantism to subse- 
quent development of diabetes mcl- 
litus in the mother, 380*, 598t 

sex of; relation of maternal blood 

gonadotropins to, GOOf 
FLUIDS body; changes in, in anoxeria 
nervosa and in prolonged fasting, 209* 
FLUORESCENT phenomena of vulva; 
correlation with sex hormone metabo- 
lism, 603 1 

FLUOROMETRIC method for clinical de- 
termination of estrone and estradiol, 
564*, 619t 

FOLIC ACID: see Vitamins. 
FOLLICLE-STIMULATING HORMONE 
(FSH): see Gonadotropins; Pituitary 
FORMALDEHYDE, liberated on oxidation 
with periodic acid; a”method for chemi- 
cal assay of cortin, 166* 
FORMALDEHYDOGENIC STEROIDS: 
see Steroids 


1' R()l ILI (11 1 'S N D RO M I'i : .S7T asiociated 

with disordcif of Ovary; Testis 
FSH: .see Gonadol ropitis; Piftiifarj' 

0AS'rR()-I NTI'iSTl N AL TRACT 

cancer, gastric: lack of response to 

administration of .\CTH in, .592t 

peptic, idcer; syndrome following 

treatment of, witli prolonged intake 
of calcium and alkali, .581 1 
upsets produccfl bv syntlietic estro- 
gen, insR* 

GIG.VN'I’ISM: .see I'kdus; Pitiiitnr.v, dis- 
orders 

GLO.SSOD YN I .-k, associated with the ineno- 
jiausi;; comparison of oral and vaginal 
smears in, I IG* 

GI,.UCO.‘'I'l; sec Blood, sugar; Carboli.vdrate 
metabolism: Di.abetcs mellitus; Insulin 
GLYCOGEN: see Carijohydratc metabolism 
GLYCOSIDES, cardiac: sec Heart 
GLYCOSURIA: sec Carbohydrate metabo- 
lism; Diabetes mellitus 
GOITER: see 'I’iivroid, disorders 
GOITROGENS;‘.sfc also Thiouracil; Thy- 
roid 

appraisal of; results of treatment 

with, 7GG* 

GONADS: .sec Hermaphrodism; Ovar.v; 
Testis; Uterus; Androgens; Estrogens; 
Gonadotropius 

GONADOTROPINS: sec also Pituitary, 
preparations; Pregnane^'; Uterus 

antigonadotropins during pregnanC3% 

805 

antigonadotropins in the female; 

studies on specificity, 262* 

chorionic; absorption and e.xcretion 

of, when administered intramuscu- 
larl 3 ' in women; comparison of various 
vehicles for administration, 1037*, 
599t 

chorionic; causing modification of 

effect of estrogen on oral tissues of 
monke 3 's, 146* 

chorionic; effect on basal body tem- 
perature in women, 544*, 585 f 

chorionic; metabolic response to 

stimulation by, in young men, 600 f 
chorionic; in rapid rat test for preg- 
nancy, 233* 

chorionic; response to, as criterion in 

classification of male hypogonadism, 
345* 

effect on blood pressure of normal and 

hypertensive rats, 811 

equine; effect on human ovary; 

microscopic study, 893 

gonadotropic compounds; screening 

of, for luteinizing and luteotropic 
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GONADOTROPINS (cont.) 

cfTccts, by means of ovarian hyper- 
emia test, G2Gt 

gonadotropie function of liypophy- 

sis; effect of low dosage roentgen 
radiation on, in mature and immature 
female albino rat, 4G1* 

hypergonadotropic syndromes in the 

male, 345* see also Testis, disorders 

hypogonadotropic syndromes in the 

male, 345* sec also Testis, disorders 

luteinizing and luteotropic hormones; 

specific ovarian hyperemia-inducing 
effect of, G2Gt 

production of," by human placental 

cells grown in tissue culture, 175* 

IN BLOOD 

chorionic; clinical bio-assav for, 

619t 

determination of, in pregnancy, 

175* 

FSH in, in Turner’s svndrome, 

993* 

in maternal blood; relation to fetal 

sex, 600 1 

in pregnancy and in neoplasm of 

testis, 599t 

IN URINE 

as aid to classification of male 

hypogonadism, 345* 

assays in normal men and women 

and in gonadal and adrenal failure, 
275* 

chorionic; clinical bio-assay for, 

619t 

chorionic; in women, in a compari- 
son of methods of administration, 
1037*, 599 1 

chorionic, renal clearance of, in 

pregnancy and in neoplasm of testis, 
599t 

FSH excretion in gj’necomastia 

due to malnutrition, in the male, 
811 

FSH excretion in male pseudo- 

hermaphrodism, 367* 

FSH excretion in testicular defi- 
ciency, 603 1 

in anorexia nervosa, 209* 

in constitutional precocious pu- 
berty in the female, 1081* 

in Cushing’s sj’ndrome, 499* 

in masculinizing tumor of ovarv, 

804 

in premenstrual tension, menstrual 

anomalies, chronic cystic mastitis 
and cancer of the breast, 613t 

increased in a case of Turner’s 

syndrome, 397* 

GRANTS; see Awards 


GRAVES’ DISEASE: see Thyroid disorders; 

hyperthyroidism 

GROIVtH: see also Androgens; Dwarfism; 

Ovary; Pituitary; Pubertj-, precocious; 

Testis 

accelerated, associated with sexual 

precocity and follicular cyst, 497 

and evolution of tadpoles; effect of 

vernix caseosa on, 1011 

dwarfism: sec Dwarfism 

fetal giants; relation to subsequent 

development of diabetes mellitus in 
the mother, 380*, 598t 

hormone of the pituitarj" see also 

Pituitary, preparations 

hormone, ervstalline, preparation of, 

593 1 

hormone, in plasma, in acromegaly 

and gigantism, 1013* 

hormone preparations; unpredictable 

effects of, on nitrogen storage, 594t 
hormone, purified; influence on pro- 
tein and fat metabolism of male mice 
during fasting, 594f 

promoting androgens; relation to 

pituitary growth factor, in acro- 
megaly and gigantism, 1013*, 595t 

skeletal; effect of androgen therapy 

on, in control of precocious puberty 
in female, 1081*, 583 f 
studies in; in acromegaly and gigan- 
tism; quantitative evaluation of bone 
and soft tissue growth, 1013*, 595t 
GYNECOMASTIA; see Breasts 


■jLTAIR: see also Cushing’s syndrome; Her- 
maphrodism; Pubertj’, precocious; Vir- 
ilism; and under various endocrine gland 
disorders 

effect of starvation on, 227* 

prematurelj’ graj’, in hj’poparathj'- 

roidism, 584 f 
HIRSUTISU 

associated ndth adrenal tumors in 

children. 111* 

estrogen-androgen ratio in, 295* 

in anorexia nervosa, 209* 

in Cushing’s sj'ndrome, 499* see 

also Cushing’s sj-ndrome 

in female, associated with absence 

of surface keratin of oral mucosa, 
146* 

HEART: see also Vascular sj'stem 

development of congestive failure, 

during treatment with androgens, 
585 1 

disease, crj’ptorchidism and nevoid 

dermatosis, 582 f 

electrocardiographic response of rat 

to cardiac glj-cosides; effect of adren- 



1132 


INJ^lOX TO VOLUiMK S 


Volume S 


HEART (cont.) 

.'iloctoiny and DOOA adininistration 
on, GO?! 

{flyooKon slorano disoaso in; Idslo- 

clicinical ])liosi)liatasi' studies, 033 
HEAT PRODUCTION; .*,Tr Basal metabo- 
lism; Temperature 
HEIGHT; .see Dwartism; Growtli 
HERMAPHRODISM: .sec also Ovary; Sex; 
Testis 

luiman; eonneetions between inter- 
stitial tissue of sex plands and nerve 
fibers in, 271* 

true; thirty-ninth instance, 803 

I'SKunonunMAiumoDisM 

early and late recognition, 5831 

excretion of 17-ketosteroids and 

efTect of adrenalectomy in, o83t 

female; and associated adrenal 

hypertrophy; familial incidence, 
102 

female; treated with stilljestrol; 

urinary “cstroids” in, 205* 

female; with strong male jisy- 

chological pattern; vaginal smears 
and urinary 17-kctostcroids, estro- 
gens and gonadotropins in, 88* 

male; case report, 3G7* 

social and psychological readjust- 
ment of, under endocrine tlierapy, 
88 * 

HEXESTROL: see Estrogens 
HIRSUTISM: see Hair 
HISTAMINE phospliate, in treatment of 
pheochromocytoma, 801 
HORMONES: see also Androgens; Estro- 
gens; Gonadotropins; Progesterone; 
Steroids; and under the various endo- 
crine glands 

an alpha-cell hormone of tlic islets 

of Langorhans, 809 

anti-hormones; sec Antibodies 

hormonal factors involved in regula- 
tion of body temperature during the 
menstrual cycle and pregnancy, 544*, 
550*, 585t 

inhibin, a second testicular hormone; 

evidence in favor of, 275* 

interference with biological activity 

of, by use of anti-vitamins, 602 f 

pseudoglandular disturbances, 582 f 

role of, in obesity, 1011 

secretion by human placenta grown 

in tissue culture, 175* 

steroid nomenclature of, 190* 

HYPERCALCEMIA: see Blood, calcium; 

Calcium metabolism; Parathyroids 
HYPEREMIA: sec Ovary; Pregnancy; Tests 
HYPERGLYCEMIA: sec Blood, sugar; 
Carbohydrate 'metabolism; Diabetes 
mellitus 


H^ PER'l'ENSION : .see \''ascular system 
HYPERTHYROIDISM: .see Thyroid, dis- 
orrlers 

HYPERTRICHOSIS; see Hair 
H\ PEID EN'l'I LA'I’ION, ("lecf roem:ej)lialo- 
gram during, in hyp()i)aral liyroidism 
witli I el any !ind epilepsy, 074* 

H'^ POGENUI’ALISM : .see IIermaj)hro(Iism; 

Menstruation; Ovary; Slerilitv; Testis 
HYPOGLYCEMIA: .see Blood, sugar; Car- 
I)ol»ydrate metabolism; Diabetes mclli- 
lus; Insulin 

HYPOGONADISM: see Hermni)hrodism; 

Menstruation; Ovarv; Sterility; Testis 
HYPOTHYROIDISM: see Thyroid, disor- 
ders 

IMPLANTATION, of pellets; sec Adrenals; 

Androgens; Estrogens 
IMPOTENCE: sec Sterility; Testis 
INCIDENCE: see I'amilial; and under 
various endocrine tlisorders 
INDEX, AUTHOR, to Vol. 8, 1918, 1107 
INFANT: see also Congenital anomalies; 
Children; b’elus; Growth; Pregnancy 

■ birthweight; relation to subsequent 

dcveloj)ment of maternal diabetes, 
380*, 598 1 

INFANTILISM: see Dwarfism; Growth; 
Ovary; Pituitary; Testis; Turner’s syn- 
drome 

INFECTIONS: see also Inflammation 

experimental; use of whole adrenal 

cortical extract in, G04t 
INFERTILITY: sec Sterility 
INFLAMMATION: sec also Infections 

effects of, on severity of diabetes, 632 

INFRARED photographj'; use of, in demon- 
stration of sujjerficial veins in pregnant 
and noni)regnant women, 1010 
INHIBIN, a second testicular hormone; 

experimental evidence in favor of, 275* 
INSULIN : sec also Blood, sugar; Carbohy- 
drate metabolism; Diabetes mellitus 

absence of ketosis and of reactions to 

large doses of insulin, in diabetic 
dwarf with hyperthyroidism, 332* 

activation of adrenal cortex by insulin 

hypoglycemia, 587 1 

antagonist, in alpha colls of islets of 

Langorhans, 809 

effect on trend of deaths from dia- 
betes, 631 

globin insulin; use of, in Addison’s 

disease associated with insulin-sensi- 
tive diabetes, 325* 

hypoglycemia: see Blood, sugar 

increased sensitivity to, in anorexia 

nervosa, 209* 

proinsulin era; survival of dwarf with 

diabetes from, 332* 
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INSULIN (eont.) 

progressive decrease in requirement, 

in case of diabetes mellitus followed 
by Addison’s disease and hypothy- 
roidism, 6S7* 

“reinforcing” effect of alpha-toco- 
pherol on, in diabetes mellitus, SS3* 

resistance; measurement of insulin 

antagonist in scrum by means of blood 
sugar curve method, in mice, G32 

sensitiveness in diabetes, 325*’ 

shock; repeated, severe; cerebral 

damage following, SOS 

therapy in diabetic acidosis; effect on 

serum potassium, G5S* 

tolerance test, following administra- 
tion of ACTH to a woman, 1* 
INTOXICATION, with vitamin D, 895* 
IODINE; see also Thiouracil; Tliyroid 

and thiourea; minimum dosage neces- 

sarv for remission in hvperthvroidism, 
635' 

effect of injections of, on energj' me- 
tabolism of rats, 596t 

inactivation of exophthalmic, thyro- 
tropic and kctogcnic principles of 
anterior pituitary by, 59Gt 
inorganic and organic; amounts pres- 
ent in thyroid during treatment with 
thiouracil, 766* 

iodinated thiouracil, in treatment of 

thyrotoxicosis, 597t 

potassium iodide; iodination of pro- 
tein following addition of, to human 
blood in vitro, 934* 

use of, together with methylthioura- 

cil, in treatment of hvperthyroidism, 
1051* 

IN' BLOOD 

fractions, 911* 

protein-bound; effect of injections 

of iodine on, in rats, 596t 

protein-bound; in thj’rotoxicosis 

factitia, 532* 

■ protein-bound; increased in hy- 

perthyroidism, 934* 

protein-bound; relation to basal 

metabolism, 934* 

protein-bound; relation to obesitv, 

257* 

serum-precipitable; in the recog- 
nition of cretinism and in control 
of thyroid medication, SOI 

=- serum-precipitable; in the study 

of minimum dosage necessarj* for 
remission in hyperthyroidism, 635 

RADIOACTI\'E 

activity in peripheral tissues, 911* 

adrenocortical hormone; urinary 

excretion of, in hyperthyroidism 
treated u-ith radioiodine, 244* 


IODINE (cont.) 

KADIOACTIVE (cOnt.) 

and radioautography,- in study of 

histopathologj- and phj-siologic 
function of thyroid tumors, 732* . 

biologic effect of irradiation by, 

707* 

collection of, by human fetal 

thyroid, 717* 

dosimetric and protective consider- 
ations, 721* 

in study of effect of total thyroid- 
ectomy on function of metastatic 
thyroid cancer, 826* 

in study of thj-roid function, 597t 

in treatment of exophthalmic 

goiter, 776*, 813* 

in treatment of toxic goiter during 

pregnancy; effect on fetus, 717* 

uptake by thyroid gland, as aid in 

differential diagnosis of thyroid 
disorders, 609t, 610f 

uptake in mefastases from th 3 Toid 

carcinoma; effect of TSH and 
thxToidectomj’ on, 423* 

urinarj' excretion of, in various 

thyroid states, 634 

urinarj- excretion of ; used to dif- 
ferentiate thj-rotoxicosis factitia 
from spontaneous thyrotoxicosis, 
532* 

IRRADIATION 

by radioactive iodine, see Iodine, 

radioactive 

effect of low dosage roentgen radia- 
tion on the gonadotropic function of 
the hj-pophj'sis of mature and imma- 
ture female albino rats, 461* 

fluorescent phenomena of vulva; sex 

hormone metabolism, 603 f 

radium and roentgen therapj' in the 

treatment of menopausal uterine 
bleeding, 807 

treatment of pelvic endometriosis, 

1012 

X-radiation following surgerj', in 

treatment of cancer of thj-Toid, 749* 


J APANESE prison camps: effects of star- 
vation on sex hormones in the male, 
227», 810, 811 


l^EPLER, EDWIN J.: Obituarj*, 580-81 
KETOSIS: see Diabetes mellitus 
KETOSTEROIDS and 17-KETOSTE- 
ROIDS: see Steroids; Adrenals; Andro- 
gens 
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KIDNEY: nee aho Urine 
chronic plomcrnlonci)hritis ns com- 
plication of Addison’s (license, nntopsv, 
1010 

chronic nephritis; use of testosterone 

propionate in, 101 1 

isolated, effect of concentrated pitui- 
tary extract on, ()21 f 

renal clearance of chorionic gonad- 
otropin in j)regnancy and in ncojdasm 
of the testis, oOOt 

renal disease, extensive, in case of 

hyiierparat hyroidisni, SflO 

renal excretory function and diet, in 

diabetes insipidus, G33 

renal function in uremia due to 

cholera; effect of testosterone pro- 
pionate in, S51* 

renal glj’cosuria with pentosuria, G30 

renal insufficiency during treatment 

of arthritis with vitamin D, S95* 

severe renal disease in sj-ndrome 

following prolonged intake of calcium 
and alkali, 584 f 

urinarj' tract malformations in chil- 
dren with endocrine disease, 5S4t 

use of posterior pituitarj* extract 

(pituitrin) to measure renal function, 
801 

KOBER REACTION; sec Methods 
KOCIi, FRED CONRAD: Obituary, 206-07 


T ABOR: sec Pregnancy; Uterus 
^ LACTATION: sec Breast 
LAURENTIAN HORMONE CONFER- 
ENCE, 1948 

announcement of, 270, 343 

program of, 421, 491, 627, 703 

LETTERS TO THE EDITOR: see Associa- 
tion, Letters to the Editor 
LEUKEMIA: see also Blood 

human leukemic subjects; urinary 

17-ketosteroid excretion in; possible 
role of adrenal cortex in, 487* 
LEUKOCYTES; see Blood, cells 
LEYDIG CELLS: see also Testis 

hyperplasia of, extreme, associated 

with two other endocrine changes, 
390* 

LIPIDS: see also Fat 

neutral reducing; diurnal rhythm in 

excretion of, by man; relation to 17- 
ketosteroid rhythm, 221* 
LITERATURE, CURRENT ENDO- 
CRINE, abstracts of; see Abstracts 
LIVER 

comparison of urinary estrogen ex- 
cretion following single doses of 
natural estrogens to men with and 
without liver damage, 67* 


LIVER (rout.) 

■ glyrngcn; cfrcct of ali)ha-ccll hor- 

Jiionc of pancreas on, 809 
glycogen storage* disease, predom- 
inantly involving the heart; histo- 
ehemical [ihosiihalasc studies, G33 
hepatic inactivation of alpha-estra- 
diol; role of cozymase in, Gl)2t 

inactivation of posterior pituitnr 3 ' 

nnlidiurctic hormone by, 61 Gf 

in gj'nccoinastia in male, associated 

with vitamin deficienej' disease and 
malnutrition, 810, 811 

mechanism of “in vitro” inactivation 

of alpha-estradiol b.v, in rat, 601 f 

protein concentration; effect of thiou- 

racil on, in rat, 609 f 

studies on nonspecific cholinesterase 

in serum of human female, 666* 
LYMPHOCYTES: see Blood, cells 
LYMPHOID TISSUE 

evaluation of alterations in, produced 

In- pituitar\--adrcnal cortical secre- 
tion, 494 

hyi)erplasia; necropsj* study of a case 

of Turner’s sj’ndrome, 397* 


ALE: see Androgens; Sex; Testis 

climacteric: sec Climacteric 

— pscudohermaphrodism: sec Herma- 


phrodism 
MALNUTRITION: sec Anorexia 
Nutrition; Vitamins 


nervosa; 


MASTITIS: sec Breast 

MENINGOCOCCIC cases: an analj'sis; re- 
lation to Waterhouse-Friderichsen sjm- 
drome, 891 

MENOPAUSE: see Climacteric; Menstrua- 
tion; Ovarj*; Uterus 

MENSTRUATION: see also Climacteric; 
Estrogens; Pregnancy; Progesterone; 
Ovaiy; Puberty, precocious; Sterility; 
Uterus; Vagina; Vulva 

abnormal uterine bleeding; arrest of, 

with pitressin tannate in oil, 1010 

alkaline phosphatase and glycogen in 

human endometrium during men- 
strual cycle, 315* 

and capillary fragilitj’’ in rheumatic 

girls, 809 

associated with adrenal tumors in 

children. 111* 

comparison of oral and vaginal smears 

in, during cycle, 146* 

effect of arrhenoblastoma of ovary 


on, 893 

- effect of methyltestosterone on basal 
body temperature in dysmenorrhea, 
550* 
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MENSTRUATION (cent.) 

endometrium during; biopsies, xec 

Uterus 

“estroids” in urine throughout men- 
strual cycle of normal woman, 295* 

cstrual cycle of ewe; modification of 

by use of progesterone; effect on 
ovulation and fertility, 611 f 

experimental alteration of human 

ovarian cycle by estrogens, 453* 

experimental, in monkeys; factor of 

rhythm in; chronological relation of 
estrogen action to progesterone ac- 
tion in, 614t 

functional disorders of; gonadotropic 

therapy; antihormones, 202* 

hormonal factors in regulation of 

bodv temperature during, 544*, 550*, 
585 1 

irregular shedding of endometrium, 

805 

menopause: see Climacteric 

menstrual anomalies and premen- 
strual tension; effect of estrogens in; 
and urinarj’ excretion of estrogens, 
pregnanediol and gonadotropins in, 
613t 

menstrual dysfunction due to emo- 
tional factors, 892 

nonspecific esterases in serum during 

cycle, 666* 

ovulation; see Ovarj'; Progesterone: 

Sterilitj' 

time of ovulation, 550*, 611t, 803 

withdrawal bleeding produced by, 

and dysmenorrhea relieved by ethinyl 
estradiol, 1088* {see also Estrogens) 

AMENORRHEA 

basal body temperature in, 544*, 

585 1 

comparison of oral and vaginal 

smears in, 146* 

in a giantess; relieved by proges- 
terone, 1013* 

in adolescent girls; effect of preg- 

neninolone on, 804 

induction of uterine bleeding in 

amenorrhea, with a single injection 
of precipitates of estrone and pro- 
gesterone, 406* 

menstruation following single in- 
jection of ACTH, after at least 1 
year of amenorrhea, 15* 

primarj-; urinarj* smear in, and 

effect of treatment, 76* 

treatment of, in voung women, 

892 

MENTAL development and disorders: see 
also Brain; Congenital anomalies; Emo- 
tional and Psj'chic factors; Nervous 
sj'stem 


MENTAL (cont.) 

disorders in hvpoparathyroidism, 

5S4t 

mental, personality* and neurologic 

changes following hj*poglj*cemia in 
diabetes mellitus, 630 
MEPRANE; see Estrogens, effects 
METABOLISill: see Basal metabolism; 
Electrolyte metabolism; and under spe- 
cific substances 

METHODS: see also Pregnancy; Tests; and 
under specific subject concerned 

chemical assaj* for cortin, 166* 

colorimetric, for determination of 

sodium ; and its application in study of 
sodium and chloride balance, 6201 

colorimetric; specificity* of, for dehj*- 

droisoandrosterone in urine, 620 f 

fluorescent phenomena of \*ulva, for 

determination of sex hormones, 603 f 
fluorometrie; for clinical determina- 
tion of estrone and estradiol, 564*, 
6]9t 

for clinical bio-assaj* for chorionic 

gonadotropin, 619t 

for determination of pregnanediol in 

urine, 982* 

for determination of thiouracil and 

derivatives in urine, 1043* 

for determination of thjToid func- 
tion; see Iodine, radioactive 
for determination of thyrotropic hor- 
mone in human blood, 956* 

for differentiation of testosterone 

from desoxj*corticosterone in pellet 
form, 1099* 

for microdetermination of iodine in 

tissues, 911* 

for preparation of crj*stalline growth 

hormone, 593 f 

for study* of insulin resistance; blood 

sugar curv*e in mice, 632 
histochemical; for glj*cogen and al- 
kaline phosphatase in human endo- 
metrium, 315* 

modified Kober reaction, for meas- 
urement of “estroids” in urine, 295* 

modified Zimmermann test, rapid, for 

ketosteroids, 618t 

paper partition chromatography*; ap- 
plication of, to ketosteroids, filSf 

Pettenkoffer reaction, modified, in 

estimation of dehj*droisoandrosterone 
and related compounds in human ur- 
ine, 617t 

rapid routine pregnancy* test, using 

ov*arian hj*peremia response in rat 
(color plate), 233* 

simplified, for determination of ACTH 

by hj*pophj*Eectomized rat adrenal 
ascorbic acid bioassay*, 5S6t 
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MKTIiODS (tMdit.l 
<H' ai>ministu.\tion 

of onil niitl ihtniinii<;' 

culiir route's of lutininistratioti of 
t'slro);i>ns. MS sludiod liy 
siiK'Mr, 0121 

compurisoii of vcliiclcs for itilra- 

inusculMV ndiuiiiisIrMlion of clior- 
ioiiir notuidotropiii, Ifl.'}/*, rdfflf 

crystMls of I'slradiol inoiiohait- 

zoato; iuji'clioii Iccluiitiuu for, 07* 

intraorai admim'stralioii of Df)(,’A 

lahli'ts, SSI* 

of DOGA, suldinnuallv, fiOof 

M ICT 1 1 V LTl':STOST !•: H O X 10 .srr Andro- 

KOIIS 

MKTIlVI/rillOUHAGir.; .srr Thiouraril 
MOX'GOLlSAf, patliof'euiesis of, SIO 
MONKEY 

olTc'cl of ovaric'ctoniy and of removal 

of eorpus luloum in, diirinK jm'^nanev 
dOC) 

histology of oral mucous mcinluano 

in; elTecl of treatment with hormones, 
MG* 

menstruation in; factor of rhvihm, 

OMt 

MOUTH 

comparison of oral and vaginal cjri- 

t.hclial smcai's in estrogen deprivation 
states and in glossodynia, MG* 

oral methods of administration of 

drugs; .see Methods; and prejraration 
concerned 

MUCOUS MEMBRANES; .see Mouth; 

Urethra; Uterus; Vagina 
MUSCLE 

flaccidity; relation to hypopolas- 

semia, in a treated diabetic, G58* 

myasthenia gravis; relationsJiip to 

hyircrthyroidism, 842* 

soft tissue growth in acromegaly and 

gigantism, 1013* 

temporal; comparison of ctTcct of 

various androgens on, in castrated 
male guinea pig, G04t 

thyroid hormone in, 911* 

work performance of adrenalccto- 

mized rats given continuous intra- 
venous infusions of glucose, GOSf 
MYASTHENIA GRAVIS; see Muscle 
MYXEDEMA; see Thyroid disorders, hy- 
pothyroidism 


t^ational research council 

announcement of grants for research 

in endocrinology 

for 1948-49, 110 

for 1949-50, 1101 


NECK, WEBBING- 

in endocrine disorders, .58 If 

in s.vndroim' of cryidfirchidisni, heart 

dis(;ase and nevoid dermatosis, .5S2f 

in Turner’s syndrome, .'197*, 993* 

N I-.OBLAS.MS; .see 'rumors; and und(!r 
various emlocrine glands — tumors 
NEU\’OUS SYS’I'EM; .see n/.so Brain; Emo- 
tion; Mental; Psychic facdors 
- connections between nerr-e /il)ers and 
interstitial cells of gonads in human 
liermajjliroflitc, 271* 

ej)ilcpsy, with hyj)oparathyroidism 

and tetany; elect roencej)halogram in, 
G74* 

neurologic and menial changes fol- 
lowing hypoglycemia in diabetes 
mellitus, G30 

NPITIOGEN; .see n/.so Blood; Creatine- 
creatinine; Protein; and under various 
endocrine glands 

and glucose excretion; effect of pitui- 
tary growth and adrenocorticotropic 
hormone on, in diabolic rat, 800 

balance, following administration of 

.-VC'ITI in normal subjects, Addison’s 
disease, adenoma of i)ifuifary and 
anorexia nervosa, 15* 

balance in Cushing’s syndrome, 499* 

metabolism in acromegaly and gigan- 
tism; effect of androgens on; study of 
growth, 1013* 

nitrogcn-si)aring (protoin-.nnnbolic) 

act ion of thyroicl hormone, in rat., GOSf 

nitrogen storage; unpredictable 

ctfects of growth hormone on, 594 f 

noniu'otein and protein nitrogen in 

blood in vitamin D intoxication, 895* 

retention after administration of 

chorionic gonadotropin in young boys, 

GOOt 

uremia due to cholera; effect of an- 
drogens on renal function in, 851* 

urinaiy excretion of, in starvation, 

133* 

NOMENCLATURE, steroid, 190* 

NOTES, on tliirtieth annual meeting of the 
Association, including list of officers, 
council and committee members, 1007 
NOTICES: see Announcements 
NUTRITION: see also Anorexia Nervosa; 
Obesity; Vitamins; and various endo- 
crine disorders 

diet and renal excrctoiy function in 

diabetes insipidus, G33 

diet, low in protein and calorics; effect 

on urinary 17-kctosteroid excretion in 
normal men, 133* 

fasting male mice; influence of puri- 
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NUTRITION (cont.) 

fled growth hormone on protein and 
fat in, 594 1 

fasting, prolonged; changes in body 

fluids during, 209* 

malnutrition and vitamin deficiency 

disease associated with gynecomastia 
in the male, SIO, 811 
urinary 17-ketosteroids, estro- 
gens, “cortins” and FSH in, 811 

starvation; effects on urinary 17- 

ketosteroid excretion, 133* 

starvation in Japanese prison camp; 

effects on sex hormones; results of 
adequate diet, 227* 


^~1)BES1TY; see also Cushing’s syndrome; 
^ Fat; Nutrition; Ovary; Testis, hypo- 
genitalism 

associated i\-ith tumors of the adrenal 

cortex in children. 111* 

hypothalamic; urinarj’ 17-ketosteroid 

excretion in, 61 7 1 

obese females; effect of starvation on 

urinarj’ 17-ketosteroids, 133* 

relation to function of the thjToid 

gland, 257* 

results of prolonged medical treat- 
ment with diet alone; diet and thjToid 
preparations and diet and ampheta- 
mine, 624 1 

role of hormones in; blood chemistrj"; 

treatment, 1011 

urinarj' excretion of adrenocortical 

hormone in, 244* 

OBITUARIES . 


Kepler, Edwin J., 580-81 

Koch, Fred Conrad, 206-07 

OFFICERS of the Association 

for 1947—48: see general information 

page, front ad section, Januarj’-Maj' 
issues 

for 1948-^9: see 1008 and general in- 
formation page, front ad section, 
June-December issues 

OLIGOSPERMIA: see Testis, spermatozoa 
ORAL: see Mouth 
OSTEOPOROSIS; see Bones 
OVARY: see also Breast; Climacteric; Es- 
trogens; Gonadotropins; Hermaph- 

rodism; Menstruation; Pregnanej— 

Progesterone; Pubertj-, precocious; Sex; 
Sterilitj-; Uterus; Vagina; Vulva 
DISORDERS see also Ovarj’, tumors 

agenesis; clinical and laboratorj- 

observations, 584 f 

agenesis, primarj-; urinarj- excre- 
tion of estrogens in, 564* 

amenorrhea: see Menstruation 

arrhenoblastoma: see Ovary, tu- 
mors 


OVARY (cont.) 

DISORDERS (cont.) 

castration; effect of various estro- 
gen preparations on vaginal mucosa 
in, 612t 

climacteric: see Climacteric 

deficiencj’; advantages of treat- 
ment with estradiol monobenzoate 
crvstals bv intramuscular injection, 

97'* 

failure associated with Addison’s 

disease; urinarj- gonadotropin in, 
275* 

feminizing tumor of adrenal in male 

child. 111* 

hj-po-ovarianism in Turner's sj-n- 

drome, 993* 

hypoplasia; necropsj' study in a 

case of Turner’s sj'ndrome, 397* 

menopause; see Climacteric 

menstrual disorders: see iMenstrua- 

tion 

precocious pubertj': see Pubertj', 

precocious 

■ — — pseudohermaphrodism: see Her- 
maphrodism 

therapy: see Estrogens; Gonado- 
tropins; Progesterone 

irue hermaphrodism; thirtj’-ninth 

instance, 893 

PHTSIOLOGT 

effect of castration and of removal 

of corpus luteum on, during preg- 
nanej' in Rhesus monkej', 496 

effect of equine gonadotropin on 

human ovarv'; microscopic studv, 
893 

effect of radiation of pituitarj' on, 

in female rat, 461* 

experimental alteration of human 

ovarian cj'cle bj' estrogen, 453* 

hj-peremia of: see also Pregnanej'; 

Tests 

evaluation of pregnanej' test 

based on, 803 

rapid rat test for pregnanej' 

based on, (color plate), 2.33* 

specificaUj' induced bj' luteiniz- 
ing and luteotropic hormones, 
626t 

influence on, of injections of semen 

in animals, 101 

ox’a, fertilitj- of, and rate of ovula- 
tion; effect of progesterone on, in 
ewe, 61 If 

ova of rat; relation between time of 

fertilization and follicle cell dis- 
persal, 497 

ovarian follicle: effect of hj'pophj'- 

sectomj- on oi'ulabilitj' of, in hen, 
615t 
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OVARY (coni.) 

I’liv.'Jioi.ofJv (cont.) 

ovninlion; dcliiy in, after sinKlo 

larcc d()sc of sliliicstrol, -(rjH* 

ovnlalion; relation to liasal hoily 

teinperatnn? in women, oil*, r>r>0*, 

osr.t 

ovulation; time of, S0:i 

■ prcfiiumcy : w IVepn.'iney; IJtonis 

sex hormoiK^ nu'tabolism; relation- 
ship to fiuoresnent plnmomena of 
vulva, (lO.Sf 

spiral artery in, in rahhil, SOO 

woman, normal; results of admin- 
istration of ACl'ir to, 1* 

women; absorption aTul excretion 

of chorionic gonadotropin in, when 
administered intramuscularly, 1037* 
women; delayed closure of epiphy- 
ses in, in spite of sexual maturity, 
482* 

women; studies on nonspecific 

cholinesterase in scrum of, 6GG* 
mBPAiiATioNs: aec Estrogens; Progeste- 
rone; Steroids 
TUMons 

adenoma tubularc tcsticularc of 

Pick, at site of ovaries, in 19-ycar- 
old girl, 307* 

adrenal tumors in ovaries, in 

children. 111* 

adrenal-like tumor of, associated 

with bleeding fibromyoma uteri, 
807 

arrhenoblastoma; effect of surgery, 

893 

dysgerminoma ovarii and fertility, 

694* 

follicular cyst in child, associated 

with sexual precocity and acceler- 
ated growth, 497 

masculinizing; adrenal typo, 804 

urinary excretion of estrogens, in 

564*, 497 

— of l7-ketosteroids in, 497 
OVULATION: see Menstruation; Ovary; 
Pregnancy 


pANCREAS: see also Blood, sugar; Carbo- 
^ hydrate metabolism; Diabetes mellitus; 


Insulin 

adenoma, heterotopic; psychomotor 

syndrome associated with, 809 

hormone in alpha cells of islets of 

Langerhans, 809 

human; effects of alloxan on, 630 

PANHYPOPITUITARISM: see Pituitary 
disorders , 

PARATHYROIDS: see also Calcium; Phos- 
phorus; Thyroid 


PAR.VrifVHOlDS front.) 

iiyperparnliiyroidism; a page out of 

I hr hi.story of; fprr.sidenljnl addrc.ss), 
637* 

hypo}>aralliyroidism; incidence fol- 
lowing I hyroideclomy, 781* 

Iiypoparaliiyroidism, with mental 

troubles and eclodermal disorders, 
581 1 

hyjjoparalhyroidism, with tetany 

and ei)i!opsy; electroencephalogram 
in, 674* 

study of, I)ased on 60 post-mortem 

examinations and a case of liyperpara- 
tlijToidism, 890 

PELLETS; see Methods: Adrenals; Ovarj'; 
Testis 

PENIS: see also Androgens; Gonadotropins 
(effects); ]Tcrmaj)hrodism; Puberty, 
precocious; Testis 

■ lerge, in Turner's syndrome in a male 

witli hyjiogcnitalism, 993* 

PENTOSURIA; sec Carboh 3 ’dratc metabol- 
ism; Diabetes mellitus 

PERIPHERAL TISSUES; sec also Blood; 
Muscle; V'ascular system 
tracing the thvroid hormone in, 911* 

PETTENKOFFER REACTION: sec Meth- 
ods 

PHEOCHROMOCYTOMA; see Adrenals, 
tumors 

PHOSPHATASE: see Enzymes 

PHOSPHORUS: see also Calcium metabol- 
ism; Parathyroids 

in plasma, in hj^poparathj'roidism 

with tetany and epilepsj', 674* 

in serum, during intoxication by vita- 
min D, 895* 

inorganic phosphate in serum follow- 
ing ingestion of sucrose, 633 

inorganic phosphorus metabolism 

following ACTH, 15* 

metabolism in acromegaly and gigan- 
tism; relation to growth; effect of 
androgen therapy on, 1013*, 595 f 

metabolism in pregnancy; survey, 

101 

sodium phosphate; effect of admin- 
istration, in diabetic acidosis, 894 
PIGEON, endocrines and constitution in 
(book review), 100 

PIGMENTATION: see Addison’s disease; 
Skin 

PITOCINASE; see Enzymes 
PITRESSIN: see Pituitary, preparations 
PITUITARY: see also Cushing’s syndrome; 
Gonadotropins 
WSORBERS 

acromegaly and gigantism; inter- 
relationship between pituitary- 
growth factor and growth-promot- 
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PITUITARY (cont.) 

DisonoBRS (cont.) 

ing androgens in; quantitative eval- 
uation of bone and soft tissue 
growth in, 1013* 

acromegaU"; effects of androgen in, 

595 1 

urinary excretion of adrenal 

cortical hormone in, 144* 

urinary excretion of 17-ke- 

tosteroids in, G17t 
R-ith goiter, treated with an- 
tithyroid drugs, 766* 

chromopliobe adenoma; test for 

adrenal cortex reserve in, 15* 

craniopharj’ngioma; results of sur- 
gery in, S90 

Cushing’s syndrome; see Cushing’s 

syndrome 

diabetes insipidus; renal excretorj- 

function and diet in, 633 
diabetes insipidus; results of sur- 
gery in, S90 

diabetes insipidus; urinary excre- 
tion of 17-ketosteroids in, 617t 

dwarfism and panhypopituitarism, 

345* (see also Dwarfism) 

giantess; amenorrhea relieved by 

progesterone, 1013* 

gigantism; interrelation between 

pituitary growth factor and growth- 
promoting androgens in, 1013*, 
595t 

hypopituitarism; urinarj- excretion 

of estrogens in, 564* 

insufficiency; circulating eosino- 

philes in, following injection of 
epinephrine, 589 f 

panhypopituitarism and dwarfism, 

345* 

panhypopituitarism simulated bj- 

Addison’s disease and hx’pothy- 
roidism following diabetes mellitus, 
687* 

panhypopituitarism; urinary ex- 
cretion of 17-ketosteroids in, 6171 
Simmonds’ disease; lympho- 
cyte count, after orally adminis- 
tered glucose, 621 -j- 

Simmonds’ disease; test for ad- 
renal cortex reserve in, 15* 

Simmonds’ disease; variation in 

white blood cells following intra- 
venous administration of glucose 
in, 1074* 

GOXADOTROPixs; See Gonadotropins 
hormones: see Gonadotropins; and Pitui- 
tary, preparations 
PHTSIOLOGT AND PATHOLOGY 

activity; differences in effects on. 


PITUITARA' (cont.) 

PHYSIOLOGY AND P.tTHOLOGY (cont.) 

used as basis for comparison of 
adrenal and testicular deficiencies, 
275* 

basophilic degeneration and chrom- 
ophobe adenomas in Cushing’s syn- 
drome, 499* 

basophilic hyperplasia associated 

with extreme Let’dig cell hyper- 
plasia of testis and cortical adenoma 
of adrenal, 390* 

changes in cells of, in case of dia- 
betes mellitus followed by Addi- 
son’s disease and hypothjToidism; 
autopsy, 687* 

differential cell count, in patient 

with 3 endocrine changes, 390* 

effect of pituitary and nonpitui- 

tar>' gland factors on formation of 
intracellular colloid droplets in 
thyroid gland, 596t 

effect of pituitarx' thj-xotropic hor- 
mone on colloid droplet count in 
th>Toid gland, 956* 

gonadotropic function of; effect of 

low dosage roentgen radiation on, 
in rats, 461* 

hypophysectomized rats; inffuence 

of adrenotropic hormone on sodium 
excretion in, oSSf 

hypophysectomized rats, used in 

bioassay for ACTH by ascorbic 
acid method: see Vitamins, ascorbic 
acid. 

hypophysectomy; effect of, on 

ovulability of ox'arian follicle of 
hen, 615t 

pituitary-adrenal response, follow- 
ing epinephrine infusion in man, 
589 f 

PREP.LR.ATIONS 

adrenocorticotropic hormone: see 

Adrenals, physiology 

e.xtract of; influence on blood x’es- 

sel dex'elopment and on isolated 
kidney, 624 f 

FSH: see Gonadotropins 

gonadotropic hormone: see Gonad- 
otropins 

ketogenic and thjTotropic prin- 
ciples of; inactix'ation by iodiniza- 
tion, 596t 

lactogenic hormone (prolactin), 

in treatment of hvperestrogenism, 
6I3t 

luteotropic hormone: sec Gonado- 
tropins 

thxTotropic or thj'roid-stimulating 

hormone (TSH) : see ThjToid, phys- 
iologj' 
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PITriTAH.V (rciMl.'l 

I'Ur.PAUATIONS (colli .) 

(iroirtli !lonni»ir 

crysliilliiic; prt’imriilioii of, oHUf 

offrct on iiriiiiiry fxliicoyo atid iii- 

Iro^'cn of (lialictic rats, SOO 

Ijrowtii factor; ri'lal ioiislii]) to 

growl h-))roinol iiiK androgens, in 
acromegaly and gigantism, lOl.S*, 
oHot 

in ])lasina, in acromegaly and gi- 
gantism, 101:1* 

prejiaralions; iininediclalilo ef- 
fects of, on nitrogen storage, oOlf 

purified; influence on protein 

ami fat metabolism in fasting 
male mice, ofllf 
Posirrior Pit iii lari/ 

antidiuretie hormone of; inac- 
tivation of by liver, GlOf 

extract; changes produced by, 

compared with those produced bv 
ACTII, 15* 

extract, (piluitrin); use of, to 

measure renal function, SOI 

pitressin t annate in oil; arrest of 

abnormal uterine bleeding bv, 
1010 

PLACENTA: see also Pregnancy; Uterus 
chorionic gonadotropin: see Gonado- 
tropins 

human, grown in tissue culture; hor- 
mone secretion bj', 175* 

PLASMA: see Blood 

POSTERIOR. PITUITARY: sec Pituitary, 
disorders and preparations 
POSTGRADUATE COURSES IN ENDO- 
CRINOLOGY; see Association; and 
Amer. College of Physicians 
POTASSIUM: see also Electrolyte metabol- 
ism 

deficiency; probably cause of death, 

following control of diabetic coma, 
658* 

hj’^popotassemia; relation to muscle 

flaccidity, 658* 

increased urinary excretion of, follow- 
ing administration of ACTH, 15* 

metabolism in Cushing’s syndrome, 

499* 

PRECOCIOUS PUBERTY: see Puberty, 
precocious 

PREGNANCY”: see also Breast; Estrogens; 
Fetus; Gonadotropins; Menstruation; 
Methods; Ovary; Progesterone; Steril- 
ity; Tests; Uterus 

after the menopause, 101 

calcium and phosphorus metabolism 

in; survey, 101 

comparison of oral and vaginal smears 

in, 146* 


PHEGNANCY (coni.) 

cfTccIs of rctnoval of (•()r[)us lutcum 
.'iml of rivarie.s of lihe.sus innnkoy, dur- 
ing, 496 

hum.'in pl.'iccnla grown in tissue cul- 
ture: Imrmone secretion by, 175* 

in the mare; study of endometri.al 

ni/is, lildf 

superficial veins in; demonstration of 

i)y infrared i)hofograpliy, 1010 

• studies on nonsjiecific cholinosi (!rase 

in, in serum of liuman female, 666* 

twelve years after removal of d.vs- 

germinoma ovarii, 094* 
co.Mei.io.vrioNs Axn .skciuklak 

abortion; rapid rat test in, 2:i3* 

abortion, threatened; prognostic 

value of i)regnancfIiol excretion in; 
effects of diethylstill)estrol, 615t 

and iivpert iivroidism; treatment 

of, 890 ‘ 

and thyrotoxicosis; treatment with 

projrylt hiouracil, 866* 

a!ul toxic goiter; treatment with 

radioactive iodine; effect on fetus, 
717* 

breasts, i)ostpartum; sec Breast 

to.vcmi.a; ei'alualion of plasma pi- 

tocinase determinations in, 894 
diagnosis: .see also Methods; Tests 

chorionic gonadotropin: see Go- 

nndotroi>ins 

evaluation of ovarian hyperemia 

test for, 803 

ovarian hyperemia unit, 626 f 

pregnanediol excretion in, 615t 

rapid rat test for, based on ovarian 

lij’pcremia (color plate); compari- 
son with AZ test, 233* 

HORMONES IN 

antihormoncs in, 805 

blood gonadotropin in, in relation 

to fetal sex, GOOf 

estrogenic tolerance in, 805 

hormonal factors in regulation of 

body temperature, during, 544*, 
550*, 585 1 

hormone secretion by human pla- 
centa grown in tissue culture, 175* 
renal clearance of chorionic go- 
nadotropin in, 599t 

urinar.y excretion of estrogens in, 

564* 

PREGNANEDIOL: see also Estrogens; Pro- 
gesterone; Pregnanc3'' 

in urine; in postmenopausal women; 

modified technique for determination 
of; effect of dl-alpha-tocopherol on, 982* 
in urine; in studj'^ of effect of estro- 
gens on basal bodj"^ temperature in 
women, 550* 
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PREGNANEDIOL (cent.) 

in urine; in threatened abortion; ef- 
fect of dietbvlstilbestrol, Gloj 
PREGNEXINOLOXE; see Progesterone 
PRESIDEXTIAL ADDRESS; a page out of 
the history of hyperparathyroidism, 637* 
PRISOX 

camps, Japanese; effects of slaryation 

in, 227*, 810, 811 

inmates, as material for study of ef- 
fect of ageing on urinar 3 - ketosteroids 
in apparently normal men, 433* 
PROGESTEROXE: see also Estrogens; 
Menstruation; Pregnanc.y; Steroids 

action of; chronological relationship 

to estrogen action in experimental 
menstruation, 614 f 

amenorrhea in a giantess, relieved b\' 

administration of progesterone, 1013* 

anhj'drohj'droxj'-progcsterone (preg- 

neninolone); effect in adolescent girls 
■ndth oligomenorrhea or amenorrhea, 
804 

effect of, on estrual cj'cle of ewe and 

on subsequent ovulation rate and fer- 
tility of ova, 611 1 

effect on basal body temperature dur- 
ing normal ovarian cj’cle in woman, 
550* 

effect on basal bodj' temperature in 

amenorrhea, 544*, oSSf 

in single injection treatment of 

amenorrhea, 406* 

metabolism; effect of dl-alpha-to- 

copherol on, in postmenopausal 
women, 982* 

pregnanediol in urine: see Pregnane- 

diol 

progesterone, folliculin and vernix 

caseosa; evolution and growth of tad- 
poles treated nith, 1011 

steroid nomenclature of, 190* 

PROGRAMS: see Association; Amer. Col- 
lege of Physicians; Laurentian Hormone 
Conference 

PROPYLTHIOURACIL: see Thiouracil 
PROSTATE AND SEMINAL VESICLES: 
see also Androgens; Gonadotropins; Tes- 
tis 

comparison of effect of various andro- 
gens on, in castrated male guinea pig, 
604t 

effect of castration and subsequent 

therapj’ with testosterone on, 275* 
cancer; suppression of, by ethinyl es- 
tradiol, loss* 

carcinoma, treated with stilbeslrol; 

urinarj- “estroids” in, 295* 

in eunuchoidism and Addison’s dis- 
ease, 275* 


PROSTATE AXD SEMIXAL'l’ESICLES 
(cont.) 

— —prostatism; effect of certain steroids 
on basal body temperature in, 5S6t 

PROSTIGMIX, in treatment of mj'asthenia 
gravis associated with hyperthyroidism, 
842* 

PROTECTIVE and dosimetric considera- 
tions for radioactive iodine, 721* 

PROTEIX: sec also Blood; Iodine; Muscle; 
Nitrogen; Urine; and under various en- 
docrine glands 

alteration of plasma proteins in al- 
loxan diabetic rabbits; relation to 
ocular damage, 631 

and fat metabolism; influence of 

growth hormone on, in fasting male 
mice, 594 1 

influence of changes in, on cortico- 
tropin production of pituitary', 588f 

low-protein, low-calorie diet; effect on 

urinary 17-ketosteroids in normal men 
133* 

metabolism during intoxication by- 

vitamin D, 895* 

— — protein-bound blood iodine: see Io- 
dine 

— — proteins of muscle; iodine in, 911* 

PSEUDOGLAXDULAR disturbances, 582f 

PSEUDOHERMAPHRODISM: see Her- 
maphrodism 

PSYCHIC FACTORS: see also Brain; Emo- 
tion; Mental; Xervous system 
psychological readjustment of pseu- 
dohermaphrodite, following therapy 
with testosterone compounds, 88* 

— psychomotor stress; activation of 

adrenal cortex bv, in human subjects, 
608 1 

psychomotor syndrome associated 

with heterotopic pancreatic adenoma 
(encephalogram), 809 

PUBERTY, PRECOCIOUS: see also Adre- 
nals; Growth; Ovary-; Testis; Virilism 
constitutional, in the female; its con- 
trol by' androgen therapy-, 1081* 

in a boy- aged 7, with adrenal hyper- 
plasia; absence of surface keratin of 
oral mucosa, 146* 

— in cases of adrenal tumor. 111* 

— in child ndth follicular cy-st of ovan-, 

497 

in eighteen-month-old girl with ade- 
noma of adrenal cortex, 802 
sex precocity- and adrenogenital syn- 
drome, 802 

PUBLICATION AGREEMENT of Asso- 
ciation for the Study- of Internal Secre- 
tions uith American Goiter Association, 
705 

PURPURA: see Vascular system 
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ADIOACTl VIC: Nff Iodine, rivdioartivo', 
Irrivdiiilioii 

RADIOAUTOGll APll Y; .scr lodiiu;, radio' 
active 

IIADIOIODIXIC: ,s(t Iodine, radioactive 
RADIUM: .see Irradiation 
REACTIONS : .see under various glandular 
preparations; Iodine; Thiouraeil 

chemical; .see MoMiod.s; 'J'ost.s 

RICCIPIICNTS, of awards and fei\owsidi)s:.sec 
Association, awards; Amor. College of 
Physicians, fellowships 
REPRODUCTION: .sec Mcnstrviation; 

Ovarv; Pregnanev; Sterility; Testis 
RESEARCH FELLOWSHIPS: .see Awards 
REVIEWS 
book, 100 

endocrine: foreword to, 189 

— on ethinyl estradiol, 1088* 

— on steroid noinenclaturc, 190* 
RHEUMATIC girls; capillary fragility and 

menses in, 809 

RHYTHM: see also Menstruation; Urine 
diurnal, in excretion of neutral reduc- 
ing lipids by man and its relation to 
the 17-kctostcroid rhythm, 221* 
ROENTGEN RAYS; see also Irradiation 
effect of low dosage roentgen radia- 
tion on gonadotropic function of hy- 
pophysis, in rat, 461* 

roentgen therapy in treatment of 

menopausal uterine bleeding, 807 
roentgen therapy in treatment of pel- 
vic endometriosis, 1012 

roentgen therapy, postsurgical, in 

treatment of thyroid cancer, 

roentgenograpbi.'; delineation of'-tdre- 

nals with .'dcl^of iaminography, 102 

j 

Q CURVY ; see Vitamins 

SEMEN: see Prostate and seminal vesi- 
cles; Testis, spermatozoa 
SEMINAL VESICLES: see Prostate; Testis 
SERUM: see Blood 

SEX; see also Breast; Climacteric; Her- 

maphrodism; Menstruation; Ovary; 
Pregnancy; Prostate; Testis; Uterus 

fetal; relation to maternal blood 

gonadotropin, 600 1 

hormones: sec also Androgens; Estro- 
gens; Gonadotropins; Progesterone; 
Steroids. 

hormones; effects of starvation on, in 

men confined in a Japanese prison 
camp, 227*, 810, 811 

~ hormones; steroid nomenclature, 

190* 

sexual precocity; see Adrenals; Pu- 
berty, precocious 


SIMMONDK' DISE.\SE: srr Pituitary, dis- 
orders 
SKIN 

nevoid (humatosis, cryjitorchidism 

ami heart disease;, .">82 f 
nodules in, in intoxication bv vitamin 

1), so.')* 

pvjrp\ira; srr Vascidar system 

ac.m: 

during androgen therapy of consti- 
tutional precocious puberty in tlic 
female, lOSl* 

intense; in Cushing’s syndrome, 

490* 

relation fo sex hormones in the 

male, during starvation, 227* 

severe, following subcutaneous ad- 
ministration of pituitary .ACTH in 
a woman, 1* 

treatment. l)y ethinyl estradiol, 

1088* 

riOMKNTATiON: srr also Addison’s disease 

of nipples and labia in fetuses and 

mothers receiving estrogens, 805 
produced by ethinyl estradiol, lOSS* 
SLEEP, urinary excretion of neutral reduc- 
ing lipid (“cortin”) and of 17-ketostcr- 
oids during, 221* 

SMEARS: see also Climacteric; Menstrua- 
tion 

comparison of oral and vaginal epi- 
thelial, in estrogen deprivation 
states, 146* 

cytological cj'clc of urinary sedi- 
ment; and its parallelism with the 
vaginal cycle, 76* 

oral : see Mouth 

urethral, in normal human male, 

967*, 625 1 

vaginal; sec Vagina 

SOCIAL and psychological readjustment of a 
pseudohermaphrodite, under endocrine 
therapy, 88* 

SODIUM; sec also Chloride; Electrolyte me- 
tabolism; and under various endocrine 
glands 

excretion; influence of adrenotropic 

hormone on, in hypophysectomized 
rats, 588 1 

excretion, urinary, following adminis- 
tration of ACTH, 15* 

metabolism in Cushing’s syndrome, 

499* 

new colorimetric method for determi- 
nation of; application to study of so- 
dium and chloride balance, 620 f 

phosphate: see Phosphorus 

SPERMATOZOA: see Testis 
SQUIBB, E. R. and Sons, award: see Asso- 
ciation, awards 
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STALLION 

estrogenic constituents of urine of, 

601 1 

estrone find estradiol in urine of, esti- 
mated bv fluorometric method, 5G4*, 
G19t 

STARVATION: see also Anorexia nervosa; 
Nutrition 

effect on urinary 17-kctostcroid ex- 
cretion, 133* 

in prison camps; see Nutrition 

STERILITY: see also Menstruation; Preg- 
nancy; Ovary; Testis 

azoospermia in Turner’s syndrome, 

993* 

effect of starvation in Japanese prison 

camp on fertiliiy, 227* 

fertilitv and dvsgerminoma ovarii, 

694* 

in the female: gonadotropic therapy; 

antihormones, 262* 

office stud 3 ’ of infertilitj’, 806 

ovulation: see Ovary, phj’siologj" 

progesterone; effect of, on fertilitj' of 

ova in the ewe, 611 f 

studj’ of time of ovulation bj’ basal 

bodj' temperature graphs, 544*, 550* 

testicular deficiencj’; clinical and 

pathological studj', 603t (see also: Tes- 
tis) 

STEROIDS: see also Methods 

adrenal: see also Adrenals, prepara- 
tions and compounds 

adrenal; excretion of, in human urine, 

592 1 

androgens; see Androgens 

corticosteroids, corticoids, cortin: see 

.Adrenals, preparations and com- 
pounds 

dehj'droisoandrosterone in urine; 

— estimation of, bj' modification of 

Pettenkoffer reaction, 61 7 f 

— specificitj' of colorimetric method 

for, 6201 

effect of ACTH on excretion of, in a 

woman, 1* 

estrogens: see Estrogens 

“estroids” in urine, 295* 

formaldehj'dogenic; urinaiy excre- 
tion of, in endocrine and nonendocrine 
disease, 244* 

ketosteroids; application of paper 

partition chromatography to, 6181 

ketosteroids, urinarj'; effect of ageing 

on, in apparentlj' normal men, 433* 

ketosteroids, urinarj'; estimation of 

bj' rapid modification of Zimmermann 
test, 6181 

nomenclature, 190* 

11-oxj'steroids; effect of .ACTH on ex- 
cretion of, in endocrine disease, 15* 


STEROIDS (cont.) 

progesterone: see Progesterone 

steroidal compounds in urine in Cush- 
ing’s sj'ndrome, 499* 

urinarj' excretion of, in a patient with 

apparent adrenal involvement (■v'iril- 
ized girl), 6071 
17-KETOSTEnOIDS (uRIN'ARy) 

aid to classification of hj'pogonad- 

ism in the male, 345* 

after infusion of ACTH in normal 

male, 5901 

analogies with “estroids,” as de- 
termined microchemicallj', 295* 

during sleep, in man, 221* 

effect of age on, in men, 295* 

effect of starvation on, in normal 

males and obese females, 133* 

estimation of, in human urine, bj' 

modification of Pettenkoffer reac- 
tion, 6171 

following administration of .ACTH, 

in normal human subject, 15*, 6051 

in acromegalj', 6171 

in acromegalj' and gigantism; 

studj' of growth, 1013* 

in .Addison’s disease associated 

with insulin-sensitive diabetes, 325* 
in .Addison’s disease, with and with- 
out hj'pogenitalism, 15*, 275* 

in adenoma of adrenal corte.x, 802 

in adenoma (chromophobe) of pi- 

tuitarj', 15* 

in anorexia nervosa, 15*, 209* 

in climacteric, 6171 

in constitutional precocious pu- 

bertj’ in the female, 1081* 

in Cushing’s sj'ndrome, 499*, 564* 

in diabetes mellitus, and in dia- 
betes insipidus, 6171 

in gj'necomastia in the male, due to 

malnutrition, 811 

in hj'peradrenocorticism, in hj'per- 

tension andin hj'perthj'roidism, 6171 
in hj'pogenitalism, ■ndth and with- 
out Addison’s disease, 275*, 6171 

in hj'pothalamic obesitj', and in 

hj'pothjToidism, 6171 

in leukemic subjects, human, 487* 

in masculinizing tumor of the ov- 

arj', 804 

in panhj'popituitarism, 6171 

in prostatic carcinoma treated with 

stilbestrol, and in prostatic hj'per- 
trophj’, 295* 

in pseudohermaphrodism, 367*, 

5831 

in testicular deficiencj', 6031 

in Turner’s sj-ndrome, 397*, 993* 

in x-irilizing tumor of adrenal, 564* 
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RTIOIOIOS (vou\.) 

IT-kktostkhoids (cui.vauy) (coni.) 

rajiicl indliod for; clinical evalua- 
tion in endocrine disease, (il7t 
relation of rl\yliun to that of excre- 
tion of neutral reducing lipids it\ 
man, 221* 

similarities in excretion of, as basis 

for eomi)arison of adrenal and tes- 
ticular fleficieneies, 27.')* 

technical problems in mierodeter- 

mination of, 2fl.")* 

STILBESTllOL: .see EstroRons 
STRESS, jisychomotor; activation of adre- 
nal cortex following, GOSf 
SUCROSE; .sec Carbohydrate metabolism 
SUGAR: sec Blood, sugar; Carhohydr/ite 
metabolism; Diabetes mellitus; Insulin 
SULKO WITCH TEST; .sec n/.so Tests 

in urine, in intoxication with vitamin 

D, S95* 

SUPR AREX.ALS; see Adrenals 
SYNDROME 

adrenogenital; .see Adrenals 

characterized by hypercalcemia, cal- 
cinosis, and rei\al insudiciency, follow- 
ing prolonged intake of calcium and 
alkali, 584 1 

Cushing’s: .see Cushing’s syndrome 

Froldich’s: sec Testis, hypogonad- 
ism; Ovaiy, disorders 

h3'’pcr- and lo'pogonadotropic (male), 

345* 

menopausal ; see Climacteric 

ps^mhomotor: see Psyrnhic factors 

Turner’s, 397*, 993*, 584 f 

Waterhouse-Friderichsen, in men- 

ingococcic cases, 891 

'^EETH, dccalcification and abrasion in hj'- 
poparathyroidism, 584 f 
TEMPERATURE: see also Menstruation; 
Pregnancy 

basal body ; hormonal factors involved 

in regulation of, during the menstrual 
cycle and pregnancy, 544*, 550*, 585 1 

basal body; effect of certain steroids 

on, in adult human male with prostat.- 
ism and/or the climacteric, 586t 
body; role of endocrine glands in reg- 
ulation of, 622 1 

TESTIS: see also Androgens; Climacteric; 
Gonadotropins; Hermaphrodism; Pros- 
tate; Sterility 

interstitial cells of; connections with 

nerve fibers in human hermaphrodite, 
271* 

Ley dig cells of, in Turner’s syndrome, 

993* 

second hormone (inhibin); evidence 

in favor of, 275* 


TES'I'IS (cont.) 

lU.sOIinKH.S 

adenoma lubuhirc lesliculare of 

Pick, in male j)seudoherrnaphrod- 
ism, .3()7* 

cry ]>t orchidism, heart disease and 

nevoid dermatosis, 582 f 

extreme Leydig cell hyperjdasia, 

associated with two other endocrine 
changes; case report; autopsy, 390* 

herma))hroclism : see llcrinaphrod- 

ism 

hyjjergon.’idotropic syndromes in 

the male; differential diagnosis and 
treatment, 345* 

neojjlasm of; renal clearance of 

chorionic gonadotropin in, oOOf 

pseudohermaphrodism; sec Ilcr- 

mai)hrodism 

Iliipoijonadisin (inchules iMinuchism, 
Eunuchoidism, Frohlich’s syndrome 
etc.) see also Climacteric, male; and 
Pituitary, hypo- and ininhypopitui- 
tarism 

adrenal and testicular deficiency; 

a comparison, 275* 

hihilernl orcliicclomized man; 

metabolism of estrogens in, 67* 
classification, pathologic physi- 
ology, diagnosis and treatment, 
345* 

effect of ageing on urinary lifers 

of ketosteroids, 433* 

eunuchoidism; effects of chor- 
ionic gonadotropin in, 275*, 345*, 

coot 

testicular deficiency; clinical and 

])athological study, COof 
testicular failure; urinai\v andro- 
gens in, 275* 

testicular failure; urinaiy gona- 
dotropins and 17-kotosteroids in, 
275*, cost 

urinary excretion of pituitary 

gonadotropin in, 345* 

with Largo penis, in second case 

of Turner’s syndrome in a male, 
993* 

preparations: see Androgens; Steroids 
spermatozoa: see also Sterility 

azoospermia in Turner’s syndrome, 

993* 

hemospermia, chronic, treated 

with ethinyl estradiol, 1088* 

oligospermia, in acromegaly, 1013* 

oligospermia; influence of .arginine 

on, 49G 

oligospermia; urinarj'^ gonadotropin 

in, 275* 

sperm ; influence of, on female repro- 
ductive organs in animals, 101, 497 
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TESTOSTERONE :in<l (’oinpoiinds: .'fc An- 
(IroRons; Storoids 

TESTS; .sff n/so Blood: Motliods: l’rc;;nanr\ , 
and under speeiRe fuliftanres 

for adrenal eortiral referv(‘, 5S91 

for differentiation of testosterone 

from desoxyeortieosteroiK' in pelR't 
form, 1009* 

insulin toleraneo; ,vrr Instdin 

ovarian liy])eremia, for jirepnanev: 

xrr Pregnancy, diagnosis 

sufrar toleranec: see Rlood, supar 

TETANY: see Caleium metaliolism; Para- 
thyroids; Thyroid 

TIIIOUR-ACIE; see also Antithyroi<l drups; 
Iodine; Tliyroid 

and derivatives; excretion studies in 

rat, dog and man, 1043* 

appraisal of the goitropens; results of 

treatment of hyperthyroidism, 7CG* 
cellular involution of thyroid follow- 
ing treatment with, 01 Of 

effect of, in study of formation and 

release of protein-bound iodine in rats, 

596t 

effect of irradiation by radioactive io- 
dine on capacity of thyroid to respond 
to, 707* 

effect of, on plasma and liver protein 

concentrations, 009 f 

effect of, on uptake of radioiodine in 

metastases from thvroid carcinoma, 
42.3* 

in childhood hyperthyroidism, 801 

in treatment of hyperthyroidism'and 

pregnancy, 800*, 890 

iodine in peripheral tissues of rats 

treated with, 911* 

therapy, in thvrotoxicosis factitia, 

532* 

COMPOUNDS 

0-benzj’l thiouracil; excretion stud- 
ies, 1043* 

cyclopropyl thiouracil; response of 

PBI and B^IR to, 934* 

iodinated thiouracil; effect of in 

thyrotoxicosis, 597t 
methylthiouracil; excretion stud- 
ies, 1043* 

methylthiouracil in treatment of 

toxic goiter, 700*, 1051*, 1000*, 
GlOf, 034 

methylthiouracil; toxicitv of, 700*, 

1051*, 1000* 

G-n-propylthiouraeil; excretion 

studies, 1043* 

propylthiouracil; in treatment of 

toxic goiter, 332*, 700*, 781*, 842*, 
800*, 1051*, 1000*, 034 


THIOURACIL front.) 

COMPOUNDS (coni.) 

proi)vlthiouracil; toxicity, 700*, 

S00*,‘l051*, 1000*, 034 

j)ropyIthiouracii, triphenylchloro- 

ethylcne and hexcstrol; lipogcnic ac- 
tivity of, in chickens, G23t 

thiourea; minimal dosage of, with 

iodine, necessary for remission in 
hvperthvroidism, 035 
THIOUREA: .see Thiouracil; Thyroid 
THV.MUS, large; necropsy study of case of 
Turner’s syndrome, 397* 

THYROID: sec also Iodine; Thiouracil 
DI.SORDEns 

goiter; certain problems, 770* 

thvroiditis in a thyroid clinic, 749*, 

78 r 

Cancer — Carcinoma 

cancer, 776* 

cfTect of TSH in, 59St 

experiences with thyroidectomy 

for, in a thyroid clinic, 781* 

function of metastatic tfaj-roid 

cancer; effect of total thyroidec- 
tomy on, 826* 

in a thyroid clinic; diagnosis, pa- 
thology and treatment, 749* 

thyroid tumors; study of histo- 

pathologj’ and physiologic func- 
tion, using radioactive iodine and 
radioautography, 732* 

uptake of radioactive iodine in 

metastases from, 423* 

with special reference to a clin- 

icopathologic classification, 762* 
Hyperthyroidism (including exophthal- 
mic goiter. Graves’ disease, thj’ro- 
toxicosis, toxic adenoma, toxic goi- 
ter) 

age distribution and duration of 

disease in a Danish clinic, 1060* 

and pregnancy; treatment of, 

866*, 890 

and pregnancy; treatment with 

radioactive iodine; effect on fetus, 
717* 

associated with acromegaly, 766* 

associated with diabetes; effect 

of treatment on the diabetes, 866* 
correlation between basal meta- 
bolic rate and protein-bound 
blood iodine in, 934* 

correlation between basal meta- 
bolic rate, radioiodine uptake and 
cholesterol in, 597 1 

differential diagnosis, studied by 

means of radioactive iodine, 609t, 
OlOj 

“hormonal iodine” in serum, 

911* 
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THYROID (coni.) 
niSORDKRS (coni.) 

Hypcrthijroidisvi (coni.) 

hyperfunctioning aclcnomns; 

study of, using rndioiodinc anil 
radioautography, 732* 

in a female dwarf with diabetes 

mcllilus, surviving from the pre- 
insulin era, 332* 

in childhood; treatment with 

thiouracil, 801 

incidence of recurrences follow- 
ing treatment: 781*, 813*, SGG*, 
1051*, 1060*, 634 (see aho Io- 
dine; Thiouracil; Thyroid disor- 
ders, therapy) 

relationship to myasthenia gra- 
vis, 842* 

remissions: see Iodine; Thioura- 
cil; Thyroid disorders, therapy 

thj'roid-stimulaling hormone in 

human blood in, 956* 

thyrotoxicosis factilia; differ- 
entiation from spontaneous thy- 
rotoxicosis with aid of radioactive 
iodine, 532* 

urinary excretion of adrenal cor- 
tical hormone in, 244* 

urinary excretion of 17-ketostor- 

oids in, 617t 

urinary excretion of radioiodinc 

in: see Iodine, radioactive 
Therapy: see aho Antithyroid 
drugs; Iodine; Thiouracil 
new methods of antagoniz- 
ing hyperthyroidism, 597 f 

thyroidectomy, in a thyroid 

clinic, 749*, 762*, 781* 

with methylthiouracil, 706*, 

1051*, 1060*, 610t, 634 (sec 
also Thiouracil) 

with propylthiouracil, 332*, 

766*, 781*, 842*, 866*, 1051* 
1060*, 634 (see also Thioura- 
cil) 

with radioactive iodine, 

717*, 721*, 813* (see also Io- 
dine) 

with thiouracils, 532*, 766*, 

934*, 597t, 610t, 801, 890 
(see also Thiouracil) 
Hypothyroidism (including cretinism 
and myxedema) 

and Addison’s disease, simu- 
lating panhypopituitarism, fol- 
lowing diabetes mellitus, 687* 

cretinism; serum precipitable 

iodine in recognition of, and in 
control of medication, 801 
effect of TSH in, 598t 


THYROID (cont.) 

DisonnKus (cont.) 

II ypothyroidism (cont.) 

gynecologic disorders associ- 
ated with; alkaline phospha- 
tase and glycogen in endo- 
metrium, 315* 

myxedema following treat- 
ment of toxic goiter, 781*, 813*, 
(see also Th 3 woid, h 3 ’pcrtln'- 
roidism, therap 3 ’-; Iodine; Thi- 
ouracil) 

m 3 'xcdema; “hormonal io- 
dine” in scrum in, 911* 

myxedema with delayed clo- 
sure of epiph 3 'ses, in sexuall 3 " 
mature women, 482* 

th 3 'roid uptake of radioactive 

iodine in, GlOj 

TSH in human blood in, 956* 

urinar 3 ' excretion of adrenal 

cortical hormone in, 244* 

urinar 3 ' excretion of 17-ke- 

tosteroids in, 617t 
urinary excretion of radioio- 
dine in; sec Iodine, radioactive 
PHYSIOLOGY AXI) PATHOLOGY 

cellular involution in, GlOf 

clinicopathologic studies of thy- 
roid tumors, 423*, 732*, 749*, 762*, 
826* 

colloid droplet count in; used as 

assa 3 ’ of th 3 ’rotropic hormone in 
human blood, 956* 

fetal, human; collection of radioio- 
dinc 1)3’, 717* 

function; age at onset, 717* 

function; relation of obcsit 3 ' to, cs- 

pecialh’ as indicated b 3 ' protein- 
bound-iodinc of plasma, 257* 

function, studies by means of ra- 
dioactive iodine: see Iodine, radio- 
active 

growth of, in chicks; effect of irra- 
diation with radioactive iodine on, 

707* 

intracellular colloid droplets in; ef- 
fect of pituitar3’' and nonpituitar3' 
factors on, 596t 

regulation of tissue metabolism b3', 

through formation and * 

protein-bound iodine, 911*, " ' 

596 1 

role of, in body temperature reg- 
ulation, 622 1 

weight of, before and aftei tiea 

ment with radioiodinc, 813* 

Thyrotropic hormone (Thyroid-stimu a 
ing hormone: TSH) 

effect of, on blood iodine, 
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THYROID (cont.) 

rHYSIOI.OGY AND PATHOLOGY 
Thyrotropic hormone 

effect of, on function of human 

normal and malignant thyroid 
tissue, 59St 

effect of, on uptake of radioio- 
dine in metastases from thyroid 
carcinoma, 423* 

in human blood in hyper- and 

hypothyroidism, 956* 

in study of effect of total thy- 
roidectomy on function of me- 
tastatic thyroid cancer, using ra- 
dioactive iodine, S2C* 

response of thyroid gland to, as 

affected by irradiation with radio- 
active iodine, 707* 

thyrotropic, exophthalmic and 

ketogenic principles of anterior 
pituitary; inactivation of, by io- 
dine, 59Ct 

PREPARATIONS 

desiccated thyroid; effect on myas- 
thenia gravis associated mth hyper- 
thyroidism, 842* 

in treatment of infertility, 806 

in treatment of obesity, 624 f 

hormone; nitrogen-sparing (pro- 
tein-anabolic) action, in rat, 608t 
hormone; role in closure of epiphy- 
ses, 482* 

hormone; traced in peripheral tis- 
sues, 91 1* 

hormone; behavior of in serum, 

911*, 934’ 

therapy with, in hypothyroidism; 

see Th 3 'roid, hj'pothj'roidism 

thj'rotoxicosis factitia, as a result 

of self-medication with, 532* 
THYROIDECTOMY: see Thj'roid disor- 
ders, hj’perthj’roidism, therapj- 
THYROTOXICOSIS: see Thj'roid disorders, 
hyperthj'roidism 

THYROXIXE: see Thyroid preparations 
TI^IE, as a factor in rapid rat test for preg- 
nancy, 233* 

TISSUE: see also Blood; Cells; and under 
various organs 

interstitial, of a human hermaphro- 
dite, 271* 

peripheral; tracing of thj'roid hor- 
mone in, 911* 

placental, human, grown in tissue 

culture; hormone production bj', 175* 

soft; growth of, in acromegaly and 

gigantism; quantitative evaluation, 
1013* 

TOCOPHEROL: see also Vitamins (E) 

alpha-: effect of, in diabetes mellitus 

and cardiovascular disease, 883* 


TOCOPHEROL (cont.) 

dl-alpha-tocopherol acetate; effect on 

progesterone metabolism in post- 
menopausal women, 982* 

TOXIC ADENOMA and TOXIC GOITER: 

sec Thvroid disorders, hvporthyroidism 
TOXIC REACTIONS: sec' Iodine; Skin; 
Thiouracil; Thyroid; and preparations 
involved 

TRANSPL.\NTATION; intraocular trans- 
plants of endometrium in studj* of ex- 
perimental menstruation, 614 f 
TRIPHENYLCHLOROETHYLENE; lipo- 
genic activitv of, in chickens, 623t 
TUMORS 

adenoma tubulare testiculare of Pick, 

in male pseudohermaphrodism, 367* 
(see also Hermaphrodism; Ovary, tu- 
mors) 

adrenal: see also Adrenals; Cushing’s 

syndrome 

adrenal; classification of, in children, 

111 * 

adrenal cortical, associated with 

Cushing’s Ej'ndrome; metabolic stud- 
ies, 499* 

adrenal, feminizing, in 5-j'ear-old boj'; 

with review of 11 cases in adults, 11-1* 

adrenal, x-irilizing, in 5-vear-old girl, 

111 * 

arrhenoblastoma: see Ovary, tumors 

breast tumors: see Breast 

cancer or carcinoma: see under organ 

involved 

chromophobe adenoma: see Pituitarj- 

disorders 

craniopharyngioma: see Craniophar- 

j'ngioma; Pituitary disorders 

dvsgerminoma ovarii and fertility, 

694* 

e.vtreme Lej'dig cell hj'perplasia, as- 
sociated with cortical adenoma, 390* 
feminizing: see Adrenals; Breast, gy- 
necomastia; Hermaphrodism; Ovary; 
Testis 

fibromj'omata: see Uterus 

function and histopathology; studj- 

of: see Iodine, radioactive 

goiter: see Thj'roid disorders 

mammarj'; see Breast 

ovarian: see Ovary', tumors 

parathj'roid; history' of hyperpara- 

thjToidism, 637* (see also Parathj'- 
roids) 

pheochromocj'toma: see Adrenals, tu- 
mors 

pituitary': see also Cushing’s syn- 
drome; and Pituitary' disorders 
pituitary'; in acromegaly and gigan- 
tism; growth studies, 1013* 
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TUMORS (cont.) 

iesticulnr; .see Hermaphrodism; Ov- 
ary; Testis 

thyroid: see Thyroid disorders 

virili7,ing: .sec Adrenals; Cushing’s 

syndrome; Hermaphrodism; Ovary; 
Testis; Virilism 
TIIEllAPY 

with androgens: see Androgens 

with estrogens: .see Estrogens 

with radio active iodine: see Iodine, 

radioactive 

TURNER'S SYNDROME 

clinical, laboratoiy and post mortem 

observations in, 5S4t 

including second ease in the male, 993* 

necropsj’ study, 397* 


¥ TLCER, gastric, peptic: sec Gastro-intes- 
^ tinal tract 

ULTRA VIOLET: see Fluorescence; Irradi- 
ation 

UREA; see Blood; Nitrogen; Protein; 
Uremia 

UREMIA: see also Kidneys; Nitrogen; Pro- 
tein 

due to cholera; effect of testosterone 

propionate on blood urea in, 851* 
URETHRA 


- cytological cycle of urinary sediment 
in the female, 76* 

■ urethral smear in normal human 


male, 967* 625 1 

URIC ACID; see also Creatine; Nitrogen; 
Protein 

— ^ — urinary excretion, following admin- 
istration of ACTH, in normal subjects 
and in various endocrine disorders, 15* 
URINE: see also Kidney; Urethra; and under 
various endocrine disorders 

chemistry; see Urine, constituents; 

Methods; Tests 

effects of administration of various 

substances on, in health and disease: 
see specific substance used 

in disease; see specific disease 

pregnancy tests: see Pregnancy, di- 
agnosis 

renal function: see Kidney 

CONSTITUENTS 

Cellular 

cells of : see Urethra 

sediment; study of cytological 

cycle, 76* 

smear, in normal human male, 

967*, 625 1 
Chemical 

adrenal compounds: see Addi- 
son’s disease; Adrenals, prepara- 
tions and compounds; Steroids 
androgens : see Androgens, in urine 


URINE (cont.) 

CONSTITUENTS (COIlt.) 

Chemical (cont.) 

calcium: sec Calcium; Electro- 
lytes; Parathyroids 
chloride: sec Chloride; Electro- 
lytes; Sodium; Addison’s disease 

cholesterol: sec Cholesterol 

chorionic gonadotropin: sec Go- 
nadotropins, in urine; Pregnancy 

corticosteroids (corticoids, cor- 

tin, etc.); see Addison’s disease; 
Adrenals, preparations and com- 
pounds; Steroids 

creatine-creatinine: see Creatine; 

Nitrogen 

dohydroisoandrostcrone; see 

Steroids 

electrolytes: sec Electrolytes 

estrogens (estradiol, “estroids,” 

estrone, etc.): see Estrogens, in 
urine; Steroids 

FSH; see Gonadotropins, in 

urine 

glucose: see Carbohj’-drate metab- 
olism; Diabetes mellitus; Addi- 
son’s disease; Adrenals 
gonadotropins: see Gonadotro- 
pins, in urine; Pituitary; Preg- 
nancy, 

ketosteroids (17-; alpha-hj'- 

droxy; beta-hydroxy, etc.): see 
Steroids 

lipids; see Lipids 

nitrogen: see Creatine: Nitro- 
gen; Protein; Uric acid 

oX3^steroids: see Steroids 

pentose: sec Carbohydrate me- 
tabolism; Diabetes mellitus 

pituitarj"- hormones, other than 

gonadotropins : see Pituitar j’’, prep- 
arations 

potassium: see Potassium; Elec- 
trolytes 

pregnanediol; see Pregnanediol; 

Progesterone; Pregnancy 

protein; see Nitrogen; Protein 

radioactive iodine; see Iodine, 

radioactive 

sodium: see Sodium; Electrolyte; 

Chloride 

^ steroids: see Steroids 

sugar; see Carbohydrate metab- 
olism; Diabetes mellitus; Ad- 
dison’s disease; Adrenals 

thiouracils; see Thiouracil 

u-g acid/creatinine ratio: see 

Uric acid; Nitrogen 
Methods for determination of con- 
stituents: see Methods; Tests 



